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ABSTRACT 
Long-term Oral Contraceptive Use in Healthy Young Women:  
Neuropsychological and Electrophysiological Changes 
Kirsten Roman Mohn. M.S. 
Mary V. Spiers, Ph.D. 
 
The literature strongly suggests that sex hormones have an influence on cognition, 
both through their impact on the morphological development of brain structures and as 
the result of naturally-occurring or pharmacologically-induced hormonal fluctuation.  
Little is known about how a popular hormone-altering group of drugs, oral 
contraceptives, may affect cognitive functioning.  Additionally, while hormonal change 
appears to impact certain cognitive abilities, the underlying mechanism is not fully 
understood.  Thus, the goals of this study were to address both how oral contraceptive use 
might impact the cognitive functioning of young women and to further explore current 
theories of brain-hormone relationships.  Cognitive functioning was assessed in 32 
women between the ages of 22 and 33 using a mixed design (group x menstrual cycle 
phase).  Seventeen of the women were regularly menstruating (Non-OC) and 15 of the 
women had been using combination oral contraceptive medications for 6 months or 
longer.  EEG data were also collected for 14 of these women (6 OC and 7 Non-OC) 
during the midluteal phase.  We hypothesized that Non-OC women would outperform 
OC women on both verbal and visuospatial tasks (as related to significantly higher levels 
of estradiol).  We also anticipated that verbal performances would be positively 
correlated with salivary estradiol levels and that visuospatial performances would be 
positively correlated with salivary testosterone levels.  We expected that Non-OC women 
would demonstrate evidence of selective activation in the left hemisphere as compared to 
OC women on EEG.  Significant between-group differences were found in EEG alpha 
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activity, suggesting that Non-OC women have greater overall cortical activation rather 
than the proposed lateralized effect.  It is less clear whether this difference in activation 
translates into significant changes in overall cognitive functioning.  Non-OC women did 
outperform OC women on visuospatial tasks, consistent with pilot study results.  We 
suspect that these “male-favored” tasks are more susceptible to changes in hormonal 
milieu.  There was little evidence for significant cognitive change over the menstrual 
cycle, nor did we see the expected interactions between group and menstrual cycle phase 
(excepting verbal fluency).  Finally, the relationships between estradiol, testosterone, and 
performances on cognitive tasks were unexpectedly weak. 
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1. INTRODUCTION 
 
1.1 General 
 Alterations in natural levels of hormones, like estrogen, progesterone, and 
testosterone may significantly influence cognitive functioning.  In the past fifteen years 
there has been extensive research exploring the relationship between hormones and 
cognition, most notably among peri- and post-menopausal women.  For example, several 
studies have demonstrated a cognitive benefit from receiving Hormone Replacement 
Therapy (estrogen and progesterone), specifically in verbal memory functioning (Carlson 
& Sherwin, 1998; Klaiber, 2001).   Little attention has been directed toward another 
popular hormone-altering group of drugs: oral contraceptives or “birth control pills.”  The 
most recent figures from the U.S. Department of Health and Human Services estimate 
that 19% of women between the ages of 15 and 44 years of age use oral contraceptive 
medications, which translates to approximately 11.6 million women in this country alone 
(Mosher, Martinez, Chandra, Abma, & Willson, 2002).  Approved by the FDA in 1960, 
oral contraceptives rapidly gained popularity as the most effective, reversible form of 
birth control (Dickey, 1984).  When taken properly, they have an efficacy rate of 
approximately 97% (Stifel & Anderson, 1997).  Since their inception, many women have 
taken oral contraceptives for alternative uses as well, such as increased cycle control, 
decreased menstrual cramps, shortened menses, and for cosmetic reasons, like the 
reduction of acne (Stifel & Anderson, 1997).   
Much review has been given to the aforementioned physical benefits as well as 
physical hazards associated with oral contraceptive use, including increased risk of 
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cerebrovascular events (Davidson & Helzlsouer, 2002; Marchbanks, et al., 2002). There 
has been relatively little examination, however, of whether there are also risks and/or 
benefits to cognitive health associated with oral contraceptive use.  The known hormonal 
impact of these drugs (oral contraceptives substantially lower circulating levels of 
estrogen, progesterone, and testosterone) paired with the considerable number of women 
currently using these substances warranted further exploration of this question. The 
purpose of this study was to examine how levels of circulating hormones influence the 
central nervous system through study of both physiological and neuropsychological 
changes related to oral contraceptives use and the normal menstrual cycle in young 
women.  Ultimately, we endeavored to make a meaningful contribution to the theoretical 
understanding of the relationship between hormones, brain, and behavior.  The following 
review will summarize for the reader what is currently known about hormone-brain 
relationships, the empirical evidence supporting significant relationships between 
hormonal levels, physiological activity, and cognition and the hypotheses that attempt to 
explain these phenomena. 
1.2 Hormonal Interactions with the Central Nervous System (CNS) 
 Traditionally, the effects of hormones on the brain have been examined within the 
context of gender differences in cognitive abilities.  Observed differences between men 
and women on certain cognitive tasks fueled theories that these discrepancies may be 
related to hormonal differences between males and females.  Tasks typically defined as 
“male-favored” are those relying on spatial perception and reasoning (Collins & Kimura, 
1997), targeted ballistic movements (Janowsky, Chavez, Zamboni, & Orwoll, 1998), and 
mathematical reasoning (Lezak, 2004).  Women, however, frequently excel at tasks 
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relying on verbal ability (Gordon & Lee, 1986; Harshman, Hampson, & Berenbaum, 
1983; Lezak, 2004; Stumpf, 1995), perceptual speed and accuracy (Lezak, 2004; Stumpf, 
1995), and verbal memory (Duff & Hampson, 2001; Harshman, Hampson, & 
Berenbaum, 1983; Stumpf, 1995).  Although some might argue that these findings are an 
artifact of the environment (e.g., societal expectations and experiences are often different 
for males and females), there is considerable evidence that hormones influence 
neurologic development and cerebral organization.  For example, this influence is 
exhibited through differences in lateralization for certain tasks (Hassler, Gupta, & 
Wollman, 1992; Hiscock, Parachio, & Inch, 2000; Holland, 2000; Siegel-Hinson & 
McKeever, 2002).  Trenerry and colleagues (Trennery, Jack , Cascino, Sharbrough, and 
Ivnik, 1996) found visual memory more highly localized to the right hippocampus in 
women, but not in men, as evidenced by change in performance after removal of the right 
temporal lobe.  Gender differences have also been reported in the size of certain brain 
structures like the corpus callosum (Cowell & Hughdahl, 2000; Nowicka & Fersten, 
2001; Witelson, 1989).   
 More recently, an exploration of the transient effects of hormones on the central 
nervous system (CNS) has ensued, examining both neurophysiological and behavioral 
results of hormonal change (e.g., changes associated with the menstrual cycle and 
menopause).  To best understand the behavioral sequelae of hormonal fluctuation, 
however, it is important to review what is currently known about hormones. 
 Hormones are typically defined as chemical substances that are crucial in 
regulating metabolism, growth, and reproductive function through extensive feedback 
loops within the CNS (Erlanger, Kutner, & Jacobs, 1999).  The biochemical changes that 
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occur due to rising and falling levels of these messengers influence neuronal 
communication and structure and, as a result, appear to play an important role in 
cognitive function.  For the purposes of this study, the roles of three hormones, estradiol, 
progesterone, and testosterone have been targeted. 
1.2.1 Estrogen in the CNS 
 β-estradiol (referred to as “estradiol” throughout the remainder of this text) is one 
of three endogenous, or naturally occurring, forms of estrogen generated in the female 
body.  Its primary sources are the theca and granulosa cells in the ovaries (Gruber, 
Tschugguel, Schneeberger, and Huber, 2002).  Contrary to previous beliefs, estradiol 
receptors are located throughout the brain, and not just in brain regions associated with 
regulation of the reproductive system, such as the hypothalamus (Gibbs, 1999; Williams, 
1998).  One of the most well documented (non-reproductive) estradiol-mediated 
structures in the CNS is the hippocampal formation, which is associated with encoding 
new information into memory.  As demonstrated in animal models (ovariectomized rats), 
estradiol levels tend to be positively correlated with increases in dendritic density in the 
hippocampus (Stahl, 1997; Wooley & McEwen 1992; 1993) and increased spatial 
working memory ability, especially as memory load increases (Bimonte & Denenberg, 
1999).   Although it is difficult to assess the direct effects of estradiol on dendritic density 
in human subjects (such research designs rely upon post-mortem histological studies), 
there is evidence to suggest that both verbal and figural memory improve in post-
menopausal women treated with hormone replacement therapies (HRT) (Keenen, Ezzat, 
Ginsburg, & Moore, 2001; Phillips & Sherwin, 1992).  This hormone might also protect 
   5
neurons from free radical damage throughout cortical structures and the hippocampus 
(Klaiber, 2001; Shughrue & Mecehenthaler, 2000). 
Estradiol exerts an influence on the CNS through its impact on neurotransmission 
as well.  Receptor sites for serotonin appear to increase or decrease in correspondence 
with levels of circulating estradiol (Halbreich, Lemus, Lieberman, Parry, & Schiavi, 
1990), with a positive correlation between estradiol levels and receptor sites.  Some 
researchers believe that the sharp decrease in estradiol associated with menopause may 
render mood regulating drugs, like selective serotonin reuptake inhibiters (SSRIs), 
ineffective due to a paucity of serotonin receptors (Klaiber, 2001) in peri- and post-
menopausal women.  Additionally, estradiol inhibits the enzyme monoamine oxidase, 
slowing the break down of both serotonin and norepinephrine.  Finally, the synthesis of 
acetylocholine, known for its role in memory, is facilitated by estrogen-induced increases 
in choline acetyltransferase (Klaiber, 2001; McEwen & Parsons, 1982).  This may also be 
a potential mechanism by which estradiol can improve memory function. 
Estradiol’s influence on brain metabolism has been demonstrated through 
functional imaging, revealing a positive correlation with cerebral blood flow (Erlanger, 
Kutner, & Jacobs, 1999; Resnick, Maki, Golski, Kraut, & Zonderman, 1998).  Moreover, 
a recent PET study found dramatically less neuronal activity in the dorsolateral prefrontal 
cortex in a group of subjects that were “hormonally suppressed” during a card sorting 
task (Berman et al., 1997). 
1.2.2 Progesterone in the CNS 
 Progesterone, also an ovarian hormone, works as a counterbalance to estradiol.  
Instead of facilitating cognitive processes, high levels of progesterone are associated with 
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decreased information processing, both when pharmacologically-induced (Freeman, 
Weinstock, Rickels, Sondheimer, & Coutifaris, 1992) and in later stages of pregnancy 
(Buckwalter et al., 1999).  Given these effects it seems counterintuitive to treat cognitive 
decrements in post-menopausal women with progesterone, however at lower levels and in 
conjunction with estradiol, it can be effective.  This exemplifies the fine hormonal 
balance maintained within the female body and lends support to the notion of optimal 
hormonal levels. Like estradiol, increased progesterone levels also appear to enhance 
cerebral blood flow compared to a “hormonally suppressed” condition (Berman, et al., 
1997).   
Progesterone appears to have a mood-elevating effect.  Some physicians now use 
progesterone as a prophylactic against post-partum depression in susceptible women, 
although this may be limited to natural progesterone (micronized progesterone) only and 
not synthetic forms (medroxyprogesterone acetate) (Harbour, 1999). 
1.2.3 Testosterone in the CNS 
Although typically considered in the context of male reproductive functioning, 
testosterone is also produced by the adrenal glands and ovaries within the female body 
(Erlanger, Kutner, & Jacobs, 1999).  Testosterone is classified as an “androgen” because 
of its “masculinizing” effects.  In excess, testosterone can cause symptoms like hirsutism 
(abnormal hair growth), acne, and inability to ovulate in females.  Smaller doses of 
testosterone have been noted to improve sexual functioning and mood in men and women 
(Klaiber, 2001).  Much less is known about testosterone’s impact on neurotransmission, 
in both males and females (Klaiber, 2001).  As is detailed further on, however, a 
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relationship has been demonstrated between testosterone and aspects of cognitive 
functioning. 
Clearly, hormones exceed their well-known roles as reproductive modulators and 
appear to have a considerable impact on the chemical and physical substrates of 
cognition, as well as emotional well-being. 
1.3 Hormone Fluctuation and Cognition 
 Apart from animal studies and experiments involving post- and peri-menopausal 
women, important information has been gained through observing how 
pharmacologically- and naturally-induced hormonal changes affect cognition in women.  
For example, fully mature females have shown a “masculinization” of their cognitive 
processes as a result of androgen (testosterone) treatment.  Van Goozen, Cohen-Kettenis, 
Gooren, Frijda, & Van de Poll (1994) explored the effects of androgen treatment with a 
group of female-to-male transsexuals.  Employing a repeated-measures design, they 
examined visuospatial and verbal abilities both before commencing treatment and three 
months into androgen treatment.  After three months, the women reportedly demonstrated 
a significant increase in performances on tasks of visuospatial ability (mental rotation), 
whereas they showed a marked decline in their performances on verbal tasks (verbal 
fluency).  Thus, as androgen increased (and estrogen and progesterone decreased), the 
women showed greater skill for “male-favored” tasks and less skill for “female-favored” 
tasks.  A similar study examined changes in male transsexuals after estrogen therapy 
(Miles, Green, Sanders, & Hines, 1998).  Miles and colleagues found a significant 
increase in verbal paired associate learning, traditionally viewed as a “female-favored” 
task.  Thus, this group showed an expected opposite trend in cognitive change. 
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 Naturally occurring changes, like those associated with the menstrual cycle, have 
also provided researchers with an ideal within-subject template for measuring how 
hormonal fluctuations affect women’s cognitive functioning.  Exploration of cognitive 
changes over the cycle began at least 40 years ago.  Early studies focused mainly on 
whether cognitive changes were apparent during menstruation and the days preceding it 
(the premenstruum).  The logic of these studies stemmed from anecdotal evidence of 
psychological changes in women prior to and during menstruation.  Most researchers 
assumed that cognitive dysfunction would accompany the “obvious” psychological 
changes, such as increased emotionality and decreased self-esteem (Silverman & 
Zimmer, 1975).  Today it is believed that cognitive changes may occur independently of 
changes in affect (Hampson, 1990b; Hartley, Lyons, & Dunne, 1987; Phillips & Sherwin, 
1992).  Before discussing observed changes in cognition over the cycle, a review of the 
hormonal and physical changes that occur during the normal menstrual cycle is provided.   
1.3.1 The Menstrual Cycle 
The menstrual cycle is the period of time through which changes occur in the 
mature female body that physically and biochemically make it possible to conceive.  The 
normal cycle lasts 25 to 35 days; however, most of the literature refers to a 28-day cycle 
(Hatcher et al., 1994).  The menstrual cycle is divided into three phases (menses, 
follicular, and luteal) which correspond with specific physical and hormonal changes.  In 
the standard 28-day cycle, days 1-5 are referred to as menses, days 6-14 are the follicular 
phase, and 15-28 are considered the luteal phase.  Additionally, the follicular and luteal 
phases are often further divided into, for example, early-luteal, midluteal, and late-luteal 
phases. 
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1.3.1.1  The Menses Phase 
 A sudden drop in estradiol and progesterone cause the uterus to shed the 
endometrial lining resulting in menstrual flow, or menses.  At this time, follicular growth 
begins in the ovary. 
1.3.1.2 The Follicular Phase 
During the follicular phase the pituitary gland begins to increase production of 
follicle stimulating hormone (FSH).  Low levels of estradiol and progesterone stimulate 
the hypothalamus to release gonadotropin-releasing hormone (GnRH) which, in turn, 
signals a larger increase in FSH release from the pituitary gland and growth of the 
ovarian follicle is facilitated.  As the follicle grows, it produces estradiol.  The estradiol 
further promotes the growth of the follicle by causing an increase of FSH receptors.  
Concurrently, the uterine lining thickens with the estradiol increase and cervical mucus 
increases in preparation for possible conception. 
1.3.1.3 The Luteal Phase 
 Mid-cycle, estradiol levels peak and stimulate the release of lutenizing hormone 
(LH) from the pituitary gland.  LH prepares the follicle for release, potential fertilization, 
and stimulates ovarian production of progesterone and androgen (testosterone).  The 
sharp rise in LH eventually causes a decrease in estradiol just prior to release or 
ovulation.  Testosterone release, also brought about by LH levels, increases sexual drive.  
The released follicle, now called the corpus luteum, secretes large amounts of 
progesterone and estradiol.  Increased progesterone causes the cervical mucus to become 
sticky, which paired with the mature endometrial lining, provides an environment ready 
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for the implantation of a fertilized egg.  Progesterone and estradiol peak at the middle of 
the luteal phase (mid-luteal) and pituitary secretion of LH and FSH diminishes.  If 
pregnancy does not occur, the corpus luteum declines and progesterone and estradiol 
decrease causing menstrual flow. 
1.3.2 Cognitive Changes over the Menstrual Cycle 
Experimenters have utilized these uniform phases of the cycle to explore 
cognitive fluctuations in performance across the menstrual cycle.  The presence of 
expected hormonal and physical changes has thus made the “menstrual cycle” an easily 
defined construct.  Experimenters tend to choose the phases most relevant to their topic 
of study.  This, although logistically understandable, results in a considerable amount of 
heterogeneity within the literature and makes it more challenging to gain a 
comprehensive picture.  Disparity also exists in how phases have been delineated.  Some 
researchers assign menstrual phase according to reported day of cycle, relying only on the 
insight and accuracy of the participant.  The best designs supplement day of cycle with 
measures like basal body temperature, ovulation kits, or hormonal assays designed to 
detect plasma or saliva levels of circulating hormones. 
The high incidence of anovulatory cycles, especially in younger women, provides 
an additional confound in menstrual cycle studies.   Without ovulation, hormonal levels 
do not reach their intended peaks.  According to Metcalf and MacKenzie (1980), only 
62% of women ages 20 to 24 will ovulate each month within a three month period.  This 
percentage increases with age, with 88% of women ages 25-29 ovulating each cycle.   If 
detected, data from anovulatory subjects are usually omitted from analysis.  Data may 
also be omitted from analyses if an error in timing occurred and participants were not 
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assessed during the proposed phase (e.g., they were “luteal” rather than “follicular”).   
Finally, studies employing multiple test session across the menstrual cycle rely heavily 
on their participants’ willingness and ability to attend multiple sessions; losing 
participants before study completion is a risk. As a result, methodological challenges in 
hormonal research often leave investigators with smaller data sets, making it more 
difficult to detect effects. 
1.3.2.1 Performance increases with high estradiol and progesterone 
Despite these methodological issues, discernable patterns in cognitive changes 
across the menstrual cycle have been detected. Significant increases in verbal fluency and 
articulation are consistently correlated with peaks in estradiol and progesterone 
(Hampson, 1990a & 1990b; Maki , Rich, & Rosenbaum, 2002; Silverman & Zimmer, 
1975), as are increases in fine motor performance (Maki, et al., 2002) and spatial working 
memory (Postma, et al., 1999).  Some differences have been found between the follicular 
and luteal phases, however, and are hypothesized to result from the presence or absence 
of progesterone.  For example, manual speed (Hampson, 1990b) and spatial working 
memory (Man, MacMillan, Scott, & Young, 1999) are reportedly better during the 
follicular phase than during the luteal phase when only estradiol is elevated.   
With regards to memory, Phillips and Sherwin (1992) found delayed recall of 
visual stimuli to be significantly greater in the luteal phase compared with menses.  They 
also found a non-significant (p = .08) positive correlation between estradiol levels and 
memory for word pairs.  No other significant phase effects were seen for measures of 
paragraph recall, digit span, and immediate recall of visual stimuli.   These results are 
interesting given both the observed effect of estradiol on the hippocampus and studies 
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examining memory in post-menopausal women.  Phillips and Sherwin offered that a 
stronger relationship may have been seen if subjects had been tested in the follicular 
phase, when the effects of estradiol are not mediated by progesterone levels.  
Additionally, the authors postulate that relatively short decreases in estradiol may not 
cause the same physiological changes seen in post-menopausal women.  Thus, memory 
changes may only occur after a prolonged drop in estradiol.   
Maki and colleagues (2002) offer an additional explanation.  They too were 
surprised that one of the only hormonally controlled studies did not find differences 
across the menstrual cycle in memory.  They explained, however, that Phillips and 
Sherwin were only examining measures of explicit memory and that the literature had yet 
to address implicit memory.  After examining verbal and spatial implicit memory 
(priming) at the early follicular phase (low estrogen) and the midluteal phase (high 
estrogen and progesterone), Maki and colleagues found a positive correlation between 
verbal priming and estradiol and progesterone.  Visuospatial priming was negatively 
correlated with these hormones.   
In sum, performances on traditionally “female-favored” tasks like verbal fluency, 
articulation, and coordinated motor speed follow patterns consistent with observations in 
studies examining gender differences: there appears to be a significant, positive 
relationship between these tasks and female sex hormones.  The effect of hormonal 
fluctuation on memory is less clear.  Some studies (including animal models) have found 
similar patterns for both verbal and spatial memory (with both positively associated with 
estradiol and progesterone), whereas other studies found divergent patterns.  Therefore, it 
is difficult to determine whether estradiol and progesterone only benefit verbal memory 
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(lateralized to the left hippocampus in right-handed individuals) or if this benefit is 
bilateral.  Moreover, examination of visuospatial memory is often complicated by the 
extent to which stimuli can be verbalized.  As a result, an attempt to measure spatial 
memory might actually measure verbal memory as applied to the recall of spatial stimuli.   
1.3.2.2 Performance increases with low estradiol and progesterone  
 Low levels of estradiol and progesterone during menses have been consistently 
correlated with greater visuospatial ability relative to follicular and luteal phases 
(Hampson, 1990a & 1990b; Hausmann, Slabbekoorn, VanGoozen, Cohen-Kettenis, & 
Gunturkun, 2000; Janowsky, Chavez, Zamboni, & Orwoll, 1998; Maki et al., 2002; 
Silverman & Phillips, 1993).  Relatively stronger performances have also been 
demonstrated on visual detection tasks (Ward, Stone, & Sandman, 1978) and tasks of 
deductive reasoning (Hampson, 1990a; Hartley, Lyons, & Dunne, 1987). 
1.3.2.3  Performance increases with high testosterone 
Although studied to a lesser extent, experimenters have found noteworthy 
relationships between cognitive performance and testosterone levels in regularly 
menstruating women.  Phillips and Sherwin (1992) reported a strong negative 
relationship between delayed verbal recall (story memory) and testosterone levels during 
the luteal phase.  Hausmann and colleagues (2000) found strong positive relationships 
between testosterone and a mental rotation task during both midluteal and menses phases.  
Again, results from menstrual cycle studies appear to mirror findings from research 
examining gender differences.  Performances on “male-favored” tasks, like those 
measuring visuospatial ability, appear to be positively related to testosterone levels. 
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1.3.3 Conflicting Results and Challenges to Menstrual Cycle Studies  
Although a substantial body of literature supports the notion that hormonal 
fluctuations impact cognition, contradictory findings do exist.  Some methodological 
challenges (i.e. delineation of cycle phase and determining optimal data collection times) 
have already been discussed, but additional limitations will now be explained within the 
context of studies finding null results.   
In order to accurately assess the existence or absence of a phenomenon, one must 
choose appropriate and sensitive measures.  This is a particularly salient issue in 
hormonal research.  Measuring hormonally-based cognitive fluctuation relies largely on 
ipsative comparisons.  Therefore, one cannot (or should not) expect to measure change in 
cognitive areas which are purported to remain stable.  For example, crystallized 
intelligence, or knowledge gained over longer periods of time (e.g., vocabulary or factual 
knowledge) remains relatively stable, even after traumatic brain injury (Lezak, 2004) and 
with age (Zillmer & Spiers, 2001).  One could therefore rationally conclude that it would 
not be easily impacted by hormonal fluctuations.  Thus, it is not surprising that significant 
changes in academic performance, scores on achievement tests (Walsh, Budtz-Olsen, 
Leader, & Cummins, 1981), or performances on over-learned tasks, like typing (Black & 
Coulis-Chitwood, 1990) have not been demonstrated over the menstrual cycle.  In sum, 
cognitive fluctuations are likely best measured by tests of fluid intelligence (i.e. the 
ability to learn and perform a novel task).   
Test sensitivity and difficulty are also important issues in hormonal research.  For 
instance, the majority of well-known and well-normed cognitive and neuropsychological 
tests are constructed to define “normal” versus “impaired” performances.  Hypotheses 
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within hormonal research, however, generally do not suggest that changes in cognition 
will result in impairment.  Rather, these changes are often purported to occur within a 
range of “normal” functioning. Consequently, most clinically-used neuropsychological 
tests are likely not sensitive enough to detect subtle cognitive changes within a well-
functioning normal population.  For example, Slade and Jenner (1980) reported finding 
non-significant trends across the menstrual cycle only with increased task difficulty.   
That being said, the use of non-clinical or experimental tasks does not guarantee 
significant findings.  Despite a well-structured design and use of hormonal assays, 
Gordon and Lee (1993) did not find significant differences between menstrual phases.  
The measures used in their study were part of a Cognitive Laterality Battery designed in 
their lab for research purposes.  They used a test similar to Wechsler’s Digit Span (for 
explanation of task see Lezak, 2004), but instead of requiring participants to orally 
repeating the digits, they were asked to write them on a sheet of paper.  It is possible that 
recording their responses may have decreased the working memory demand, especially in 
the case of the backward span component when the participants would be asked to report 
the numbers back in reverse order.  A written form of a verbal fluency measure was also 
employed.  Again, the visual record of responses would help limit repetition and might 
have provided visual-graphemic cues for subsequent responses.  Interestingly, Gordon 
and Lee also reported no significant findings with a mental rotation task.  This is a 
surprising finding, given the amount of researchers finding significant differences with 
this measure whether across the menstrual cycle or between genders.  The authors 
explained that the current body of literature is most likely skewed due to a “file drawer 
effect,” with other null results not published.  It is certainly prudent to keep the “file 
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drawer effect” in mind as one is reviewing the literature, however, a substantial body of 
evidence does exist which infers that changes in hormonal levels can noticeably influence 
cognitive functioning.   
Given the compelling evidence suggesting that cognitive changes may occur in 
the context of relatively brief hormonal changes over a month, it seemed plausible that 
women would experience cognitive changes after a more prolonged period of hormonal 
alteration- as is seen with oral contraceptive use.  Moreover, the evidence suggests that 
one would expect to see differences in cognitive functioning if one were to compare 
women using oral contraceptives to regularly-menstruating women.  Before reviewing 
the existing literature addressing this topic, the mechanisms through which oral 
contraceptives work are briefly reviewed below. 
1.4 Oral Contraceptives and Cognition 
1.4.1 Mechanism of Action 
 Oral contraceptives prevent pregnancy by their direct influence on the 
hypothalamic-pituitary-ovarian axis (Cedars, 2002) and therefore have a sizeable impact 
on the natural processes of the menstrual cycle.  Although progestin-only pills (“mini-
pills”) are available, the majority of women are prescribed a pill containing both synthetic 
forms of estradiol and progestin.  The pills, varying in the ratio of estradiol to progestin, 
produce the same pregnancy-preventing effect.  The synthetic hormones in oral 
contraceptives suppress LH and FSH levels, hindering follicular development and 
ovulation.  As a result, the expected surges in endogenous estradiol and progesterone 
during the follicular and luteal stages do not occur and ovarian production of testosterone 
is stunted.  Consequently, circulating levels of estradiol and progesterone are estimated to 
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be at least 50% less than those found in regularly menstruating women (Gordon & Lee, 
1993).  Clinical trials conducted by the Ortho-McNeil company, manufacturers of the 
popular oral contraceptive Ortho Tri-Cyclen, reported an 86% decrease in mean and 
stimulated levels of estradiol, citing an average level of 149.0 pg/ml before treatment and 
only 21.5 pg/ml after six cycles (correspondence, Ortho-McNeil Pharmaceuticals, 
October 29, 2002).  It is interesting to note that the post-menopausal range for circulating 
estradiol is between 3 and 21 pg/ml, placing women on oral contraceptives slightly above 
the post-menopausal range.  Progesterone levels decreased 90%, from 5.48 ng/ml to 0.53 
ng/ml.  This is higher than post-menopausal levels which are generally 0.025 ng/ml to 0.1 
ng/ml (Klaiber, 2001).   
Women using oral contraceptive medications also have significantly higher levels 
of sex-hormone-binding-globulin (SHBG) (Alexander, Sherwin, Bancroft, & Davidson, 
1990; Cedars, 2002; Dickey, 1984).  This further reduces unbound or circulating 
hormones within their systems, including testosterone (Gaspard, 1983).  Further, the 
estradiol component of combination oral contraceptives inhibits androgenic actions of the 
accompanying progestin (Dickey, 1984).  For this reason, oral contraceptives are 
frequently prescribed to treat symptoms of androgen excess in women like acne and 
hirsutism (Gaspard, 1983). 
1.4.2 Evidence for Oral Contraceptive-Induced Cognitive Changes 
 The cognitive effects of oral contraceptives have been explored to a lesser extent 
than the exploration of cognition and the normal menstrual cycle although such studies 
frequently use normally-menstruating women as a comparison group, examining the two 
topics (between-and within-group differences) in parallel.  Studies comparing women 
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using oral contraceptive (OC women) medications to regularly menstruating women 
(Non-OC women) have observed two specific trends.   
The first trend in the literature suggests that oral contraceptives have a 
“masculinizing” effect on women’s cognition.  Within this context “masculinization” 
refers to unexpectedly better performances on “male-favored” tasks such that OC women 
perform significantly better on tasks of mental rotation (Silverman & Phillips, 1993), 
water-level perception (McFadden, 2000) and critical thinking (Sommer, 1972) when 
compared with Non-OC women.  Mc Fadden (2000) also postulated that oral 
contraceptives may have a masculinizing effect on hearing sensitivity as well. The pattern 
of test results of OC women on these measures tend to fall somewhere between those of 
Non-OC women and men.  Given the significantly lower levels of the female sex 
hormones estrogen and progesterone, it is not surprising that OC women may display a 
more masculine cognitive profile; however, these results are not consistent with reports 
of decreased testosterone levels in OC women. 
The second trend found in the literature is a lack of cognitive fluctuation in OC 
women over the menstrual cycle when compared with Non-OC women (Kommenich, 
Lane, Dickey, & Stone, 1978; Wuttke, Creutzfeldt, Langestein,& Tirsch, 1975).  More 
specifically, skills such as reaction-time, mental arithmetic, and color-naming tended to 
remain constant throughout the cycle.  Moreover, performances on these types of tests 
were worse in groups of OC women when compared to Non-OC women in high estrogen 
phases (follicular), but more similar in lower estrogen (late-luteal) phases.  Again, these 
results seem plausible given the absence of hormonal fluctuation in OC women.   
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Overall, the literature indicates that a relationship between oral contraceptive use 
and cognitive changes (relative to Non-OC women) may exist, likely in direct relation to 
the medication’s suppression of normal cyclic events.  The cognitive areas studied have 
been limited mostly to “male-favored” tasks (e.g. mental rotation) whereas “female-
favored” abilities, like verbal fluency and memory, have not been comprehensively 
explored.  With regards to verbal memory, it is possible that the lack of a clear 
relationship between hormone levels and memory across the menstrual cycle has 
discouraged exploration of potential differences between OC and Non-OC women.  
Given that there is a more prolonged hormonal change associated with OC use, however, 
we thought it possible that differences in memory would be more easily detectable 
compared with the relatively brief changes experienced in normally menstruating women.  
Finally, few studies have explored performances on measures of attention.  Certainly, 
attention is an important variable to explore, considering that reduced (or increased 
attentional capacities) would impact an individual’s performance on other cognitive tasks 
(e.g., memory, problem solving). 
1.4.3 Limitations of Previous Oral Contraceptive Research 
Like menstrual cycle studies, test sensitivity and/or difficulty represents a 
challenge in oral contraceptive studies. For example Gordon and Lee (1993) found no 
significant differences between OC and non-OC women (the limitations of their measures 
are discussed earlier, e.g. questionable test sensitivity).  A more specific confound might 
be the variety of oral contraceptives used by participants in any given study.  As stated 
before, most oral contraceptives contain a combination of estradiol and progestin, 
however, the ratio of these substances differs from product to product.  The differing 
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ratios and varying formulations of progestin appear to cause differing side-effects due to 
their particular level of affinity for estrogen, progesterone, or androgen receptors 
(Dickey, 1984).  While it may be prohibitive to examine women on just one particular 
type of oral contraceptive, it might be useful to examine possible differences between 
brands or types in post-hoc analyses. 
1.5 Hormones and Brain Activity 
While we have learned a great deal from studies examining behavioral differences 
(e.g., performances on cognitive tests) that appear to co-occur with hormone changes, 
these observations have not allowed us to draw conclusions as to why these changes 
occur.  More specifically, the ways in which circulating sex hormones impact the brain 
have not been clarified. 
To address such questions, it is helpful to employ technologies like functional 
neuroimaging.  Unlike structural imaging (e.g., computed tomography or magnetic 
resonance imaging), functional imaging techniques allow us to view the activity of the 
brain in vivo.  Depending on the type of measurement used, researchers can examine 
electrical activity, blood flow, or metabolism within the brain when an individual is at 
rest and when they are performing specific tasks.   
As early as the late 1960s, researchers began exploration of hormone-brain 
questions by examining the relationships between female sex hormones and electrical 
activity in the brain via electroencephalography (EEG).  Before outlining the major 
trends of this research, a brief review of the EEG is provided. 
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1.5.1 Electroencephalography 
Hans Berger first described the use of human electroencephalography in 1929 
(Kolb & Whishaw, 1990; Stern, Ray, & Quigley, 2001).  In the EEG he discovered a 
noninvasive way to measure the brain’s electrical activity by placing recording electrodes 
on the surface of the scalp.  The source of the electrical activity measured by EEG is 
believed to be pyramidal cells in layers IV and V of the six-layer cerebral cortex, with 
contributions from subcortical structures like the thalamus and brainstem, adding 
synchronicity (Fisch, 1991; Stern, Ray, & Quigley, 2001).  
1.5.2   EEG Measurements 
EEG activity is generally described in terms of frequency and amplitude.  
Frequency refers to how fast the EEG signal cycles (number of waves per second) and 
amplitude refers to the size or power of the signal.  Using measurements of frequency and 
amplitude, specific types of electrical activity have been categorized including (in 
ascending order, from lowest to highest frequency): delta (0.5-4 Hz); theta (4-8 Hz); 
alpha (8-12 Hz); beta (18-30 Hz); and gamma (30-70 Hz).  The most widely studied 
frequency bands in cognitive literature have been the alpha and beta bands, described in 
further depth below. 
Alpha activity generally occurs when an individual is relaxed, awake, and has 
closed eyes.  It is seen most predominantly in the posterior portions of the head, with 
greater amplitude over the dominant hemisphere (Fisch, 1991; Kolb & Whishaw, 1990; 
Stern, Ray, & Quigley, 2001).  Mental activity, such as becoming engaged in a cognitive 
task, is associated with alpha blocking or decrease in the strength or power of the alpha 
band.  In other words, there is an inverse relationship between alpha power and “brain 
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activation.”  With activation, higher frequency bands (like beta) become more 
predominant.  Beta activity is generally symmetrically distributed and is most evident in 
the frontal regions (Kolb & Whishaw, 1990).  Gevins and colleagues offer a cautionary 
statement in interpreting “activation” (Gevins, Smith, McEvoy, & Yu, 1997), however.  
They observed an increase in alpha power after a task had become practiced, thus 
requiring fewer “cortical resources.”  Further, it has been suggested that more alpha 
power may be observed during cognitive tasks in which individuals might be highly 
skilled because less cognitive effort is needed (Gevins & Smith, 2000). 
1.5.3 EEG and the Menstrual Cycle 
Several studies have employed EEG to examine changes in electrical activity over 
the course of the menstrual cycle in healthy women.  The most consistent reported 
finding is modulation of the alpha frequency band over the cycle.  Notably, an 
acceleration in alpha frequency (decreased alpha power) has been observed during the 
luteal phase (Becker, Creutzfeldt, Schwibbe, & Wuttke, 1980; 1982; Kaplan, Whitsett, & 
Robinson, 1990; Krug, Mölle, & Born, 1999) compared to the follicular phase.  
Researchers have concluded that this acceleration in alpha (interpreted as greater cortical 
activation) at the luteal phase is associated with the co-surge of estradiol and 
progesterone.  There is a paucity of empirical study regarding EEG and testosterone 
levels in women over the menstrual cycle. 
1.5.4 EEG and Oral Contraceptive Use 
Consistent with findings from behavioral testing, women using oral 
contraceptives do not appear to demonstrate the same fluctuations in EEG activity over 
   23
the menstrual cycle as is seen in Non-OC women (Becker, Creutzfeldt, Schwibbe, & 
Wuttke, 1980; 1982).  Further, OC use is conjectured to decelerate the alpha rhythm, 
likely due to an overall decrease in progesterone (and the co-occurring adrenergic 
response) (Wuttke, Arnold, Becker, Creutzfeldt, Langenstein, & Tirsch, 1975). 
1.6 Hormone-Cognition Hypotheses 
To address consistent findings within the literature, multiple hypotheses been 
suggested in an effort to explain the relationship between hormonal levels, cognitive 
performance, and brain activation.  Two such hypotheses are explained below. 
1.6.1 Overall Activation Hypothesis 
In assessing the patterns of behavioral data suggesting improved attention, verbal 
ability, and performances on automatic, manual tasks along with evidence of acceleration 
of alpha frequency  when estrogen and progesterone levels are high, some researchers 
have suggested that these hormones have an overall activating effect on the cortex.  
According to this hypothesis, higher levels of cortical arousal, similar to what might be 
enhanced by substances like caffeine, bolster performances on over-learned, 
“automatized” tasks (Broverman et al., 1981), but impair tasks requiring perceptual 
restructuring.  Broverman and his colleagues defined automatized tasks as simple 
perceptual tasks, like color-naming.  Perceptual restructuring tasks were defined as 
problem-solving tasks in which one would need to inhibit initial perceptual responses, 
like locating embedded figures.  As estradiol levels decreased and cortical arousal 
dropped premenstrually, however, performances on automatized tasks decreased and the 
facilitation of perceptual restructuring would occur, which might explain improved 
performances on tasks like mental rotation during menses. 
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The hypothesis of increased cortical activation with increased estradiol and 
progesterone was supported by a studies employing regional cerebral blood flow (rCBF) 
(Berman, et al., 1997; Resnick, Maki, Golski, Kraut, & Zonderman, 1998).  Berman and 
colleagues (1997), however, found that performances on automatic and overlearned tasks 
did not decrease with total suppression of estrogen and progesterone, even though 
significantly decreased rCBF was observed. 
While a hypothesis of overall activation seemed a meaningful contribution to the 
theoretical understanding of hormone-brain relationships, it did not seem to fully explain 
the patterns of performances seen in the literature. 
1.6.2 Differential Activation Hypothesis 
Hampson (1990b) conjectured that increased female sex hormones may result in 
differential activation of the cerebral hemispheres, highlighting the connection between 
cerebral hemispheres and hormonally-influenced task performances.  More specifically, 
she explained that “female-favored” tasks, which are largely verbal, are generally 
mediated by the left hemisphere (in right-handed individuals), whereas “male-favored” 
tasks, largely visuospatial, can be lateralized to the right hemisphere.  Thus, peak levels 
in estrogen and progesterone (for example in the midluteal phase) may cause greater 
activation in the left hemisphere.  In turn, lower levels of these hormones, paired with 
relatively higher levels of testosterone may decrease activation in the left hemisphere and 
enhance right hemisphere activation during menses, resulting in better performances on 
tasks like mental rotation.   
Hampson’s own findings (1990a), as well as the trends in the literature, seemed to 
lend support to her argument.  On a dichotic listening test, participants tested at menses 
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appeared less “lateralized” than those tested in the midluteal phase.  Participants in the 
midluteal phase demonstrated increased right-ear (left hemisphere) performance.   
The differential activation hypothesis seemed quite compelling and appeared to 
more fully address the types of patterns seen on behavioral testing within the literature, 
although the prospect of lateralized activation seemed less well-addressed in the 
neurophysiologic literature.    
One area of remaining uncertainty was whether the hippocampus is activated in a 
unilateral or bilateral fashion.  In other words, are both verbal and visuospatial memory 
improved by increased estrogen and progesterone levels (as suggested by improvement in 
spatial memory in animal models) or is verbal memory only facilitated? 
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2. SUMMARY AND STATEMENT OF PROBLEM 
In summary, the literature strongly suggests that sex hormones have a significant 
influence on our cognition, both through their impact on the morphological development 
of brain structures and as the result of naturally-occurring or pharmacologically-induced 
hormonal fluctuation.  While no definitive theory exists regarding the exact mechanisms 
by which these hormones interact with specific brain structures, empirical evidence 
suggests that they may have facilitating or “activating” effects within the central nervous 
system.  The nature of this activation is unclear and researchers are uncertain whether 
these hormones are associated with an overall activation or whether it is selective for 
specific brain regions.  Therefore, this question warranted further study.  Also, given the 
substantial evidence for fluctuation of cognition over the menstrual cycle and results of 
previous oral contraceptive studies, a closer examination of the effects of oral 
contraceptive use was justified in an effort to confirm past results and explore unstudied 
differences in “female-favored” tasks as well as “male-favored” tasks. 
Thus, the goals of this study were to address both how oral contraceptive use 
might contribute to the cognitive functioning of young women and to further explore 
current theories of brain-hormone activation.  By comparing performances on behavioral 
measures between young women taking oral contraceptives and regularly menstruating 
women at two phases in the menstrual cycle, this study attempted to demonstrate the 
presence of cognitive differences between the two groups.  To gain a clearer picture of 
hormone-brain activation, verbal and visuospatial analogues of each behavioral measure 
were employed (e.g., participants were given tests of verbal memory and visuospatial 
memory) to examine whether hormones appear to differentially activate the cerebral 
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hemispheres (as evidenced through task performances).  Finally, cortical activation was 
further explored by comparing electroencephalographic activity in Non-OC and OC 
women at the midluteal phase in an effort to determine whether activating effects of 
hormones are present throughout the entire brain or are localized to specific brain regions 
such as the left or right hemisphere. 
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3. PILOT STUDY RESULTS 
Before commencement of this study, pilot behavioral data were collected in 16 
healthy women between the ages of 22 and 31 using a 2 x 2 between and within subjects 
ANOVA.  Seven of the women assessed had been using triphasic oral contraceptive 
medications (OC women) of their own accord for at least six months prior to enrollment 
in the study.  Nine of the women were normally-menstruating with consistent menstrual 
cycles between 25 and 30 days in length (Non-OC women).  Assessments occurred at the 
menses phase (days 2-6) and the midluteal phase (days 22-25), with phase and hormonal 
levels confirmed by saliva samples.  The two groups of women did not differ 
significantly in terms of age, education, and their performances on a control measure of 
general intelligence.   
These data were consistent with previous literature, suggesting that estradiol and 
progesterone may have a facilitating effect on verbally-based abilities, specifically in 
measures of attention, fluency, problem-solving, and explicit memory.  Additionally, 
several trends indicated a negative relationship between performances on spatially-based 
tasks and female hormones, specifically in regards to measures of attention, explicit and 
implicit recall, fluency, and problem-solving.  It was thought that these data supported the 
notion that estradiol and progesterone may specifically activate the left hemisphere. 
Despite the demonstration of positive relationships between performances on 
verbally-based tasks and higher levels of estradiol and progesterone, Non-OC women did 
not perform significantly better than OC women on any of the verbally-based tasks 
(although Non-OC group means were higher across tasks).  Only performances on the 
task of auditory attention demonstrated the expected trend, however, this difference was 
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not significant.  It was conjectured that lack of significant findings on verbally-based 
measures were associated with a small sample size. 
With regards to visuospatial tasks, several negative relationships were 
demonstrated between performances and female hormone levels across tasks.  
Additionally, Non-OC women outperformed OC women to a significant degree on tasks 
of visuospatial reasoning and figural fluency.  Performances on a task of explicit spatial 
memory followed a similar, non-significant trend of generally better performances 
demonstrated in Non-OC women compared with their OC counterparts.  These findings 
were not consistent with the hypothesis that OC use would have a “masculinizing” effect 
on cognition. 
With a critical eye turned back to the literature, we determined that it would be 
difficult to understand the physiological impact of OC use (and subsequent effect on 
cognition) without examining testosterone as well as female sex hormone levels.  
Moreover, worse performances on visuospatial tasks among OC women were 
hypothesized to be related to relatively lower levels of testosterone.  As a result, we 
decided to widen the scope of this study to include the potential effects of testosterone, as 
evidenced in the literature review and hypotheses.  Due to financial constraints, it was 
decided to discontinue measurement of progesterone as we felt that important 
information could be yielded through exploration of estradiol alone. 
Finally, given significant results from behavioral measures, it was decided to 
further address hormone- brain relationships by examining differences in brain activation 
(via EEG activity) between the two groups of women to explore whether changes in 
physiologic activity are associated with behavioral changes observed. 
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4. HYPOTHESES 
The following hypotheses tested in this project were derived from empirical 
support within the literature, the results of previous studies examining the cognitive 
effects of oral contraceptives, and findings from pilot data. 
Hypothesis 1:  Hormonal Levels 
 It was hypothesized that there would be a main effect for hormonal status group 
(OC vs. Non-OC), with significantly lower circulating estradiol and testosterone in OC 
women compared with Non-OC women.  We also expected an interaction of phase, 
characterized by a lack of change in the OC women and a larger effect (between groups) 
at the midluteal phase. 
Hypothesis 2: Verbal Tasks 
2a.  It was hypothesized that there would be a main effect for hormonal status group 
(OC vs. Non-OC), with OC women performing significantly worse across verbal 
tasks compared to Non-OC women.  We also expected an interaction of phase, 
characterized by a lack of change in the OC women and a larger effect (between 
groups) at the midluteal phase. 
2b.   It was hypothesized that, irrespective of group, performances on verbal tasks 
would be positively correlated with levels of estradiol in all women and 
negatively correlated with testosterone. 
Hypothesis 3: Visuospatial Tasks 
3a.   It was hypothesized that there would be a main effect for hormonal status group 
(OC vs. Non-OC), with Non-OC women performing significantly better across 
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visuospatial tasks compared with OC women.  We also expected an interaction of 
phase, characterized by a lack of change in the OC women and a larger effect 
(between groups) at the midluteal phase. 
3b. It was hypothesized that, irrespective of group, performances on visuospatial tasks 
would be negatively correlated with levels of estradiol in all women and 
positively correlated with testosterone. 
Hypothesis 4:  EEG Findings 
4a. It was hypothesized that Non-OC women would demonstrate greater left 
hemisphere activation (relative to right hemisphere activation) during the 
midluteal phase compared with women in the OC group across baseline and task 
conditions. 
4b. It was hypothesized that laterality index values would be positively correlated 
with estradiol values and negatively correlated with testosterone values, 
irrespective of group. 
4c. It was expected that alpha power (less activation) in the left hemisphere would 
be negatively correlated with performances on the verbal task in both groups of 
women, whereas we expected that alpha power in the right hemisphere would be 
negatively correlated with performance on the visuospatial task in all women. 
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5. METHOD 
 
5.1 Design 
 To address behavioral hypotheses, comparisons were made between groups (OC 
vs. Non-OC) and within groups (menses vs. midluteal) to examine the presence of 
cognitive differences between normally-menstruating women (Non-OC) and women 
using oral contraceptive medications (OC) over the course of one month or menstrual 
cycle. These test sessions occurred during menses (approximately days 2-5, depending on 
the length of the participant’s cycle) and the midluteal phase (approximately days 22-25) 
for women in the Non-OC group.  Cycle day and phase were determined by self-report.  
Given the absence of naturally-occurring “phases” for the oral contraceptive group, their 
test sessions were time-yoked with the Non-OC group, with testing times corresponding 
temporally with those delineated by a normal menstrual cycle.  The menses testing 
sessions were scheduled within days 23-26 of the 28-day pill pack (during the placebo 
week).  The midluteal testing session occurred within days 15-18 of the pill pack.  
Several previous studies examined cognitive functioning over three phases of the cycle, 
but participants in this study were tested in two phases, menses and midluteal, with the 
assumption that fewer testing sessions would decrease rates of attrition among 
participants.  The menses phase was chosen as one time point because estradiol and 
progesterone levels are at their lowest during this time.  In contrast, the midluteal phase 
represents a relative peak in both estradiol and progesterone. Unlike the estradiol peak 
associated with ovulation, the midluteal phase is generally easier to predict, and was 
expected to increase the accuracy of measurement.  Menstrual cycle phase at the first test 
session was counterbalanced, with half of the women beginning the study during menses 
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and the other half of the women starting during their midluteal phase.  Cognitive 
measures with alternate forms available were also counterbalanced, using a Form A and 
Form B, to control for any unexpected differences between test forms. 
 To address hypotheses regarding physiological activation in the brain, 
comparisons in EEG alpha activity were made (OC vs. Non-OC) during the midluteal 
phase, when hormone levels were expected to be most disparate between the two groups.  
A concerted effort was made to schedule midluteal behavioral and EEG testing sessions 
within the same menstrual cycle, however, the majority of participants who completed all 
three sessions (EEG and two behavioral) were tested over the course of two to three 
menstrual cycles due to participant and experimenter availabilities. 
5.2 Participants 
Thirty-two females between the ages of 22 and 33 participated in this study (M= 
24.69, SD = 2.75).  While many previous experiments have studied women ages 18 to 23 
(or typical undergraduate age), the principal investigator believed that a larger age range 
would provide greater external validity.  Further, previous studies have cited a higher 
incidence of anovulatory cycles (cycles in which women did not ovulate) among women 
in their late teens and early 20s.   Absence of ovulation prevents the characteristic 
hormonal fluctuations over the menstrual cycle and thus would be expected to confound 
results.   
Data from women completing only one behavioral test session were not included in 
the analyses.  After correcting for participant attrition, 32 women completed behavioral 
testing and this data was collected over the course of two years (16 of these women were 
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part of the pilot study).    Among this group, there were 17 women in the Non-OC group 
and 15 women in the OC group.   
Fourteen women completed EEG testing in addition to the two behavioral sessions.  
Participants were equally dispersed, with 7 women in the OC group and 7 women in the 
Non-OC group.  Only two women who had completed behavioral testing as part of the 
pilot study group were available for participation in the EEG session (one from the Non-
OC group and one from the OC group). 
Study participants were young women from the Philadelphia area.  The majority of 
women were affiliated with one of the area universities, either as students or staff.  Thus, 
mean educational level was quite high (M = 16.72, SD = 1.276).  Approximately 75% of 
the participants were Caucasian (n = 24).  The remaining 25% were as follows: African 
American (n = 4); Asian (n = 2); and Hispanic (n = 2). 
5.2.1 Recruitment and Determination of Eligibility 
Participants were recruited through advertisements posted in the university 
newspaper, on the Drexel campus, and on web-based classified ads targeting the 
Philadelphia area (e.g., Craig’s List).  It was hoped that use of the latter strategy would 
help recruit more non-university affiliated participants, resulting in more variety in 
socioeconomic status.  Advertisements included general information regarding the topic 
of study, compensation, inclusion and exclusion criteria, a website address, and the 
principal investigator’s phone number.  By visiting the website, prospective participants 
were able to learn details about the study including specific inclusion and exclusion 
criteria.  If they were willing and eligible to participate, women could submit their 
contact information to the primary investigator through the website. After receiving 
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notification of interest, the principal investigator contacted eligible participants to 
confirm their interest and schedule the first test session.  Prospective participants without 
web access or those with questions not answered by the website were encouraged to 
contact the investigator directly by phone for an explanation of the study and criteria for 
eligibility.  Young women from the pilot study who had expressed interest in further 
participation were contacted for involvement in the EEG portion of the study.  The 
majority of women contacted were not able to participate secondary to moving or change 
in hormonal status (e.g., recent pregnancy or discontinuation of pill use).  Further, several 
women were lost to follow-up due to change in contact information. 
5.2.1.1 Inclusion Criteria 
Those in the normally-menstruating (Non-OC) group had consistent menstrual 
cycles of 25 to 30 days (as determined by self-report).  They denied use of hormonally- 
controlled contraception (e.g., oral contraceptives, transdermal birth control “patches,” or 
cervical rings).  Women in the oral contraceptive group reported use of the same 
combination oral contraceptive (containing synthetic estrogen and progesterone) for at 
least six months prior to enrollment in the study.  Thus, participants were expected to 
have had sufficient time to physiologically adapt to the medication, preventing those with 
adverse reactions to their current formulation (signaling abnormal metabolism of the 
drug) from participating. 
5.2.1.2  Exclusion Criteria 
 Women were excluded from participation if they met any of the following 
criteria:  recent or current pregnancy (within the past year), brain injury resulting in loss 
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of consciousness, neurological dysfunction, endocrine disorder or dysfunction, left 
handedness, English as second language, excessive use of alcohol or nicotine (3 or more 
units per day), diagnosis of learning disability, and use of substances (legal and/or illicit) 
known to influence cognition (i.e. cold/allergy medication or marijuana). Interested 
persons who were not eligible were not required to inform the investigator which 
criterion or criteria excluded them.  Exclusion criteria were chosen because of their 
relationship or known effects on endocrine or cognitive function. 
5.2.1.3 Compensation 
 Participants received $10 per session for compensation.  Some participants also 
received extra credit if they were enrolled in an undergraduate level psychology class at 
Drexel University during their participation. 
5.3 Behavioral Testing 
5.3.1 Apparatus 
Participants were evaluated by the principal investigator or a trained research 
assistant in facilities belonging to Drexel University.  Most measures were paper and 
pencil type tests, however, some tests were administered via computer (Fragmented 
Object Identification) or headphones (Paced Auditory Serial Addition Test). 
5.3.2 Physiological Measure 
As stated above, results can only be reliably interpreted if cycle phase is 
confirmed via hormonal assay.  While radioimmunoassay of plasma levels is the most 
reliable measure of hormonal levels, saliva samples also provide an accurate (Hoffman, 
2001) and less threatening method of measuring hormonal levels in participants.  Saliva 
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samples were collected from participants at the end of each test session and were 
immediately labeled, frozen and stored in a secure location. 
5.3.3 Measures of Mood and Sleepiness 
All participants completed the Positive Affect Negative Affect Schedule (PANAS) 
(Watson, Clark, and Tellegen, 1988) prior to commencement of cognitive testing.  The 
PANAS is a list of twenty adjectives (e.g. proud, scared, and excited) that contains an 
equal number of positive and negative descriptors.  Participants were directed to “rate” 
the extent to which each word described their current feelings on a 5-point Likert scale.  
The measure yields a “positive affect” and “negative affect” score, with higher values 
indicating greater positive or negative affect.  Although previous studies have shown that 
changes in cognition over the menstrual cycle occur independently of changes in affect, 
this self-report measure was included to ensure that any cognitive changes observed 
within or between subjects in this study were not related to significant changes in mood. 
Because excessive sleepiness can hinder an individual’s performances on tests of 
cognitive functioning, participants also completed the Epworth Sleepiness Scale (ESS) 
(Johns, 1991) prior to behavioral testing.  It required participants to endorse the 
likelihood of falling asleep during specific daily activities (e.g., sitting and reading or 
watching TV).  The total score corresponds to three categories: normal, borderline, and 
pathologic sleepiness. 
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5.3.4 Cognitive Measures 
5.3.4.1 Control Measures 
At the first behavioral testing session, the Wechsler Vocabulary Subtest was 
administered (Wechsler, 1997).   This was administered in the standardized fashion 
wherein participants were required to define words which increase in difficulty as the test 
progresses.  Factor analytic studies have found the Vocabulary subtest to load highly with 
g, or general intelligence (Lezak, 2004).  Performance on the Vocabulary subtest also 
remains stable over time and is “relatively resistant to psychological disturbance and to 
neuropsychological deficit” (Sattler, 2001, p.417).  In this way, the experimenter hoped 
to ensure that there were no unexpected differences in intelligence between the two 
groups of women which would account for any between group differences. 
5.3.4.2 Verbal Measures  
Verbal Explicit Memory 
In the Buschke Selective Reminding Test (BSRT) participants were presented with 
twelve semantically unrelated words (Buschke & Fuld, 1974; Spreen & Strauss, 1998).  
After the first presentation, they were encouraged to recall as many words they could 
remember from the list, in any order.  On each subsequent trial, the participants were 
reminded only of the words they did not recall on the prior trial.  The words were 
presented over 12 trials, or until participants were able to recall all twelve words on three 
consecutive trials.  A delayed recall trial was administered approximately thirty minutes 
afterward.  This test was included because it is purported to distinguish “true retrieval 
from long-term storage from the patient’s immediate recall of items that have just been 
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presented” (Buschke & Fuld, 1974, p. 1019), therefore distinguishing between recall and 
short-term auditory memory.  Moreover, this test is determined to provide a good 
estimation of explicit verbal memory, highly dependent on hippocampal function.  Four 
alternate forms of the BSRT exist.  Forms 2 and 4 were employed (in counterbalanced 
order) in this study as they are believed to be equivalent in level of difficulty for college-
aged individuals (Spreen & Strauss, 1998).  Participants were presented with one word 
list at each test session.  Some practice effect has been noted in normal populations with 
repeated administration.  Scores used from this test were both delayed free recall (e.g., # 
of words) and percent retention from the last learning trial. 
Verbal Priming/Implicit Memory 
The Anagrams Test was constructed specifically for use in this study as a measure 
of implicit verbal memory or priming (and verbal problem solving, as discussed later).  
Participants were presented with a list of 24 anagrams (scrambled words), half of which 
were words learned on the BSRT.  The remaining half were novel words adapted from a 
list presented in a study by Rajaram and Roediger (1993).  The extent of verbal priming 
was measured by calculating a difference score (# familiar words - # novel words 
correctly decoded).  Participants were given two minutes to complete the task.  While 
several other types of tasks can be used to measure verbal priming, including word stem 
completion and word fragment completion, anagram test performance is reportedly more 
significantly influenced by auditory priming (e.g. hearing a list of words presented) than 
the other types of tasks (Rajaram & Roediger, 1993).  Due to the experimental nature of 
this test, normative data (factor loadings, reliability) were not available; however, 
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practice effects were assumed and thus accounted for via use of counterbalanced, 
alternate forms. 
Verbal Fluency 
The Controlled Oral Word Association Test (COWA) is a popular clinical 
measure of lexical or phonemic fluency.  The COWA consists of three one-minute trials 
(Benton & Hamsher, 1989; Spreen & Strauss, 1998) wherein participants are asked to 
produce unique words beginning with a specified letter.  Participants were asked to 
exclude proper nouns and not to repeat words.  Scores reflect the number of unique words 
produced within three minutes.  Although the most common letters employed in this task 
are “F” “A” and “S,” “CFL” and “PRW” are frequently used in clinical and experimental 
settings when comparable alternate forms are required (Lezak, 2004).  The COWA is 
considered to be a sensitive test of frontal lobe functioning (Lezak, 2004), requiring 
successful deployment of phonemic search strategies.  And, as described above, gender 
differences and menstrual phase effects have been observed.  Finally, this test also has 
high test-retest reliability and little reported practice effect (Spreen & Strauss, 1998). 
Auditory Attention 
The Paced Auditory Serial Addition Test (PASAT) is a demanding task of auditory 
attention and working memory frequently used in clinical settings to assess high-
functioning individuals (Gronwall, 1977).  During this task participants were presented 
with a set of random, single-digit numbers presented at a fixed speed.  Participants were 
asked to add the last number presented to the number immediately preceding it.  The 
PASAT consists of four trials, with the presentation of numbers increasing in speed, 
starting at one number per 2.4 seconds, then 2.0, 1.6, and finally 1.2 seconds.  Scores 
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from this test are the number of correct responses across the four trials (maximum = 196).  
This test is considered a highly sensitive measure of auditory attention and processing 
speed.  Additionally, performance is not highly correlated to overall intellectual 
functioning (Lezak, 2004).  Finally, internal consistency is high, indicated by a split-half 
reliability of 0.9 (Spreen & Strauss, 1998). 
Verbal Problem Solving 
 The Anagrams Test, described above as a measure of verbal priming, also served 
as a verbal problem-solving task (computing the total correct score).  It was hoped that 
this would provide a reasonable verbal analogue to the Vandenberg Mental Rotation Test 
described below.   
5.3.4.3 Visuospatial Measures  
Explicit Visuospatial Memory 
The Nonverbal Selective Reminding Test (NVSRT) was developed as nonverbal 
analogue to BSRT (Plenger, et al., 1996).  In it participants were shown eight matrices, 
each with twelve dots presented in a random array.  During the first trial the examiner 
pointed to one predetermined dot on each matrix.  The participant was then asked to 
repeat the examiner’s actions and point to the correct dot within each array.  Like the 
BSRT, participants were only reminded of a dot’s location when their response was 
incorrect on the previous trial.  This test was discontinued after eight trials or when the 
participant was able to accurately identify the target dot on each array over two 
consecutive trials.  Different spatial arrays (alternate forms) were used for each test 
session and counterbalanced.  A delayed-recall trial was given after 30 minutes.  This test 
aimed to measure encoding and long-term storage of visuospatial information.  Free 
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recall at delay (how many of the eight dot locations were correctly identified) as well as 
percent retention scores were calculated. 
Visuospatial Priming/Implicit Memory 
The Fragmented Object Identification Test (FOI) was developed experimentally 
to measure perceptual priming or visual implicit memory (based on Snodgrass & Feenan, 
1990).  In this test, participants were first presented with 15 line drawings of common 
objects selected from a set of 150 pictures from a study by Snodgrass and Vanderwart 
(1987).  These drawings were presented via computer for three seconds each and 
participants were asked to name each picture.  After a three-minute delay, participants 
were shown 30 fragmented line drawings, half of which they just viewed and named.  
Each picture was first presented in its most fragmented form and participants were asked 
to try and identify each picture. The experimenter “improved” each picture until the 
participant could correctly identify the form (there were seven levels of fragmentation for 
each picture).  The level of perceptual priming was determined by the level of 
fragmentation at which each previously presented picture could be identified, with the 
assumption that participants would name pictures at a greater level of fragmentation if 
among the primed images.  Priming was determined by comparing level of fragmentation 
at correct response between primed versus unprimed pictures.  Participants were shown a 
different set of pictures, complete and fragmented, at each session with picture sets 
counterbalanced.  This test was included because it was believed to be a good measure of 
implicit visuospatial memory and a similar test yielded significant menstrual cycle effects 
in a previous study (Maki, Rich, Rosenbaum, 2002). 
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Figural Fluency 
The Five-Point Test (FPT) was originally developed as a nonverbal analogue to 
verbal fluency tests (Regard, Strauss, & Knapp, 1982; Spreen & Strauss, 1998).  In this 
research protocol, participants were provided with a sheet of paper containing 40 5-dot 
matrices and asked to create as many different figures as possible by connecting at least 
two of the dots in each matrix.  They were allowed three minutes and were provided with 
additional sheets when needed.  Scores on this test represent the number of unique 
designs produced by participants within three minutes.  Like the verbal fluency task, 
participants were to avoid repeating the same figure.  Given the similarity in task 
demands, figural fluency and verbal fluency are moderately correlated, however, figural 
fluency is correlated with visuospatial and visuoconstructive tasks as well (Spreen & 
Strauss, 1998). 
Visual Attention 
 The d2 Test of Attention is a paper-and-pencil visual cancellation task with 14 
lines containing a series of letter “d’s” and letter “p’s” with marks above or beneath them 
(Brickenkamp & Zillmer, 1998).  In this task examinees were to cancel out any letter 
“d’s” with two marks above, two marks below, or one mark above and one mark below.  
The goal was to complete the task both quickly and accurately, only twenty seconds were 
allowed for each line.  The score used for analyses is the “concentration performance” 
score, which is calculated by subtracting commission errors from the number of correctly 
“crossed” out stimuli.  Test-retest reliability is high for this test, with some reports of 
practice effects (Spreen & Strauss, 1998).  Cancellation tasks, like the d2 Test of 
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Attention, require sustained attention, rapid visual scanning, and both activation and 
inhibition of rapid responses (Lezak, 2004).  This task was included as a visuospatial 
analogue to the PASAT. 
Visuospatial Problem Solving 
The Vandenberg Mental Rotation Test (MRT) is a paper-and-pencil test designed 
to measure “spatial visualization” (Vandenberg & Kuse, 1978).  In this challenging task, 
participants were presented with 24 items in which there was one target stimulus (a two-
dimensional representation of a three-dimensional figure).  Each stimulus was paired with 
four more drawings, two of which were the target stimulus, only rotated.  Participants 
were given 6 minutes to complete 24 items.  The score calculated for this test was the 
percent correct (relative to number attempted).  This was used due to the considerable 
variability in number of items attempted among women. 
As stated in the review of the literature, the MRT has shown robust findings in 
studies of gender differences, menstrual cycle effects, and oral contraceptive use.  The 
MRT also has shown high test-retest reliability, internal consistency, and correlates 
highly with tests of spatial visualization.  It should be noted that the MRT does not 
correlate highly with verbal ability (Vandenberg & Kuse, 1978), meaning that one should 
not be able to employ a verbal strategy easily to complete the task.  Thus, it can be 
considered a “pure” measure of visuospatial ability.  For this study two comparable forms 
of the MRT were used (Forms A and B). 
5.3.5 Procedure 
 Eligible participants were contacted for availability and the first test session was 
scheduled according to menstrual cycle phase (phase at study start was counterbalanced 
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among subjects).  All testing was conducted by the principal investigator or a trained 
research assistant.  The protocol for each session was as follows: 
5.3.5.1 First Testing Session: 
 The researcher read through and explained the informed consent form to each 
participant.  All were offered a photocopy of this document.  With consent to continue, 
the researcher proceeded with general instructions, explained the nature of the measures, 
and collected demographic information.   The control measures were administered next, 
followed by the experimental measures.  Saliva samples were collected when testing was 
complete.  Upon completion of the session, the participant was reimbursed and the next 
testing session was scheduled.  This session lasted approximately 1.5 to 2 hours. 
Second Testing Session: 
 This session began with administration of control measures, followed by the 
experimental measures.  When testing was complete, a saliva sample was collected.  At 
the close of the second session, participants were reimbursed and an EEG session was 
scheduled, if not already completed.   
5.4 EEG Testing 
5.4.1 Apparatus 
EEG data was collected in the laboratory of Dr. John Kounios at Drexel 
University. This laboratory houses a MANSCAN data acquisition system.  Recordings 
were made using a standard 19-channel array with a sampling rate of 256 Hz (bandpass: 
0.02 to 100 Hz) using linked-mastoid reference.  Please refer to Figure 1 which illustrates 
the electrode array.  All stimuli were presented via E-Prime software on a computer 
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monitor placed directly in front of participants.  Participant responses were recorded via 
computer mouse. 
5.4.2 Psychological Measure 
The PANAS and ESS, described above, were administered at the beginning of the 
EEG test session.  Similar to behavioral testing, it was hoped that use of these measures 
would ensure that differences in EEG alpha activity and test performances between 
groups were not related to mood or excessive sleepiness. 
5.4.3 EEG Measurements 
EEG activity was collected over 6 5-minute intervals, totaling 30 minutes. 
Experimental conditions (tasks detailed below) were interspersed with baseline resting 
conditions. 
Lexical Decision Task -   During this task participants were presented with words 
(e.g., boat) and non-words (e.g., boit) on a computer screen approximately 24” away 
from them.  A 300 Hz tone, generated by the PC speaker, signaled the beginning of each 
trial.  Following the tone, a stimulus (word or non-word) appeared at the center of the 
screen.  Participants had five seconds to respond.  Responses were collected via mouse 
click.  Stimuli were presented over the course of five minutes, with a brief break after 150 
seconds.  A fixation point appeared on the screen between trials to minimize eye 
movement.  This measure was included because lexical decision tasks are traditionally 
associated with greater left hemisphere activation in female participants (Roberts & Bell, 
2002).  Finally, it was hoped to provide the principal investigator with information about 
participants’ brain activity while engaged in verbal tasks. 
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Letter Rotation Test – During this task, participants were presented with six 
uppercase letters, presented in both “normal” and “mirror image” formats.  These 
images were also presented at 6 different clockwise rotations from upright (0°, 60°, 
120°, 180°, 240°, and 300°) in a computer generated random order.  A 300 Hz tone 
signaled the beginning of each 5 second trial during which participants were asked to 
respond (via mouse click) whether a letter was a “normal” or “mirror” image.  This task 
was based on a letter rotation measure described by Hamm, Johnson, and Corballis 
(2004).  A mental rotation task was included because this type of measure is reported to 
increase activation within the right hemisphere in female participants 
(Muthukumaraswamy, Johnson, & Hamm, 2003; Roberts & Bell, 2003).  Finally, it was 
hoped to provide the principal investigator with information about participants’ brain 
activity while engaged in visuospatial tasks. 
5.4.4 Procedure 
Eligible participants were scheduled for EEG sessions by the principal investigator 
or a trained research assistant.  Participants were provided with extensive information 
about and directions for the EEG session via email (e.g., the importance of a clean scalp).  
A concerted effort was made to schedule the EEG and behavioral testing within the same 
midluteal phase; however, due to examiner and participant availability, this was achieved 
with only 4 women in the Non-OC group and 1 woman in the OC group.  A separate 
informed consent document was used for this session.   With consent to continue, 
participants were asked to complete the PANAS and ESS.  Trained research assistants 
then fitted an electrode cap, using the international 10-20 system for accurate placement.  
After electrode gel was applied and impedances were checked, EEG data collection 
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commenced.  Participants received detailed task instructions via PowerPoint 
presentations and several sample stimuli were provided to ensure that the task demands 
were understood.  All data was collected in a sound attenuated room.   
As mentioned above, EEG was collected over 6 5-minute blocks.  The order of 
blocks was as follows: 1) baseline-eyes open; 2) baseline-eyes closed; 3) first 
experimental task; 4) baseline-eyes closed; 5) second experimental task; 6) baseline-eyes 
closed.  Experimental tasks were presented in a counterbalanced order; eight women 
were presented with the letter rotation task first (4 Non-OC and 4 OC) and 6 women 
completed the lexical decision task first (3 Non-OC and 3 OC). 
When all six conditions were completed, participants were asked to provide a saliva 
sample and they were reimbursed.  When applicable, the next (behavioral testing) session 
was scheduled. 
5.5 Data Analysis 
5.5.1 EEG Data 
Raw data were analyzed using MANSCAN 4.1 software.  This program allows 
for the identification and exclusion of eye, muscle, and movement artifacts in analyses.  
Power spectra analyses of the alpha band (8 – 13 Hz) were completed for each five-
minute segment via Hanning window (2 second window size; 50% overlap).  From 
output files, average alpha power was computed for each electrode and these values were 
normalized via log transformation.  To measure relative left hemisphere activation, 
laterality indices were calculated for each homologous pair (e.g., F4-F3), with greater 
values indicating more activation in the left hemisphere relative to the right hemisphere.    
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The following formula was employed to compute these indices:  
Right Hemisphere log α Power – Left Hemisphere log α Power 
           (Right Hemisphere log α Power + Left Hemisphere log α Power)/2 
 
To further explore lateralized activation, an average of log alpha power was 
calculated for electrodes in both the left (F3, F7, C3, T7, P3, P7, and O1) and right 
hemispheres (F4, F8, C4, T8, P4, P8, and O2).  Please refer to Figure 9.1 for placement 
of these electrodes.  Data from one OC participant were excluded due to log alpha power 
values in excess of three standard deviations from both OC and Non-OC group means.  
EEG data from the baseline eyes closed, lexical decision, and letter rotation conditions 
were analyzed for purposes of testing experimental hypotheses. 
5.5.2 Behavioral data, Hormone levels, and Processed EEG Data 
Data were analyzed with SPSS 14.0 software.  Score distributions were checked 
for normality and outliers were removed.   As stated above, pilot study data were 
included in these analyses.    Independent sample t-tests were used to describe between 
group differences on demographic factors (e.g., age and education).  To assess the 
strength and nature of the relationships between hormones, performances on cognitive 
tasks, and laterality indices, Pearson correlations were employed.  This involved 
assessment for the relationship between absolute values (e.g., estradiol and # of words 
recalled) as well as the relationship between change scores across the cycle for each 
variable.  For example, we assessed the relationship between estradiol change (midluteal 
estradiol – menses estradiol) and performance change (# words recalled at midluteal - # 
words recalled at menses).  Use of change scores are denoted with the use of, for 
example, “estradiol delta.”  Multiple analyses of variance (MANCOVAs) were used to 
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assess for main effects of group and phase (and interactions between these two variables) 
on verbal tasks and visuospatial tasks as a group with negative affect as a covariate (use 
of this covariate is discussed later).  A note about statistical significance:  Results have 
been interpreted with an alpha level of 0.05, two-tailed.  Nonsignificant trends (p <0.10) 
may also be mentioned.   
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6. RESULTS 
6.1 Descriptive Statistics 
6.1.1 Group Characteristics and Demographics 
 Mean age did not significantly differ between women in the Non-OC group and 
women in OC-group, t (30) = 0.166, p = 0.869; women in the Non-OC group ranged 
from 22 to 33 years of age (M = 24.76, SD = 3.173) and women in the OC group ranged 
from 22 to 30 years of age (M = 24.60, SD = 2.293). 
Educational level was also not significantly different between groups, t (30) = 
0.214, p = 0.098.  Total years of education ranged from 15 to19 years for both groups, 
with a mean of 16.76 years in Non-OC group (SD = 1.2) and 16.67 years for the OC 
group (SD = 1.397).  
Within the Non-OC group, roughly 11 women completed midluteal and menses 
testing within the same 4 week period.  Nine OC women were tested within the same 4 
week period.  Great care was taken to make sure that sessions occurred during calculated 
midluteal or menses phases, although we cannot say with certainty that none of sessions 
occurred out of phase (e.g. late luteal instead of midluteal).   
With regards to oral contraceptive use, years of continuous use among OC women 
ranged from 1 to 11 years (M = 2.625, SD = 3.12).  Nine of the women reported use of 
triphasic combination oral contraceptive medications and six of the women reported use 
of monophasic pills.  Specific pill types and dosage information are presented in Table 
8.1.    
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6.2 Control Measures 
6.2.1 Estimation of General Intelligence 
As expected, the Non-OC and OC groups did not differ significantly in their 
performances on the Wechsler Vocabulary subtest, t (30) = 0.105, p = 0.086.  Scaled 
scores (which have a mean of 10 and standard deviation of 3) ranged from 10 (average 
range) to 18 (very superior range) among the Non-OC group (M = 14.35, SD = 2.149, 
superior) and ranged from 9 (average range) to 18 (very superior range) among the OC 
group (M = 14.27, SD = 2.520, superior range). 
6.2.2 Behavioral Testing 
The following are results of between (OC vs. Non-OC) and within group 
(midluteal vs. menses) comparisons of performances on behavioral testing.  Seventeen 
Non-OC women and 15 OC women were included in this sample.   
6.2.3 Measures of Affect 
 PANAS Positive Affect 
  There were no significant differences in report of positive affect between Non-OC 
and OC women across testing sessions: midluteal, t (30) = -1.199, p = 0.240; menses, t 
(30) = -1.600, p = 0.120. 
PANAS Negative Affect 
 In contrast, Non-OC women tended to report significantly more negative affect at 
menses than OC women, t (20.315) = 2.214, p = 0.038.  No between-group differences 
were demonstrated at the midluteal (t (30) = -0.026, p = 0.980) session.  Because a 
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notable between-group difference was observed in negative affect, this score was used as 
a covariate in MANOVA (MANCOVA) analyses to statistically control for its impact on 
between-group comparisons. 
6.2.4 Measure of Somnolence 
Non-OC and OC women did not significantly differ in reported levels of daytime 
sleepiness (ESS): midluteal (t (14) = 1.318, p = 0.209; menses (t (14) = -0.054, p = .958).  
Further, group means fell within the “normal” range (ESS Scores 1-10). 
6.3 Hypothesis 1: Circulating Hormone Levels 
It was expected that that there would be a main effect for group (hormonal status), 
with significantly greater levels of estradiol and testosterone observed in Non-OC women 
compared with OC women across both behavioral sessions.   This hypothesis was 
supported, F (2, 33) = 6.181, p = 0.005, Wilks’ lambda = 0.727 and there was a main 
effect for group for both estradiol (F (1,27) = 16.524, p < 0.001) and testosterone (F (1, 
27) = 12.294, p = 0.002).  It was also anticipated that there would be a significant 
interaction between group and phase, with hormonal differences most notable during the 
midluteal phase.  An interaction effect (group x phase) was significant for estradiol (F (1, 
25) = 11.629, p = 0.002), but not for testosterone (F (1, 13) = 2.174, p = 0.164).  See 
Figures 9.2 and 9.3.   
6.4 Hypothesis 2: Performances on Verbal Tasks 
6.4.1 Correlations 
 Irrespective of group (Non-OC vs. OC), it was expected that circulating estradiol 
levels would be positively correlated with performances on verbal tasks.  In other words, 
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we hypothesized that higher levels of estradiol would be associated with better 
performances on these tasks.  Correlational analyses (estradiol x verbal performances) 
yielded no significant findings at the midluteal phase (see Table 8.2).   At menses, we 
observed a negative correlation between verbal memory and estradiol (BSRT % 
Retention: r = -0.389, p = 0.030) across both groups of women. In OC women verbal 
fluency was also negatively correlated with estradiol (r = -0.545, p = 0.044).  These 
significant negative associations between estradiol and performances on verbal memory 
and verbal fluency were unexpected.  Only verbal priming demonstrated the expected 
positive correlation with estradiol levels (r = 0.496, p = 0.005) during menses.  Finally, 
Pearson correlations between estradiol delta (change) and verbal performance delta were 
not significant at midluteal or menses (Table 8.4). 
We also hypothesized that levels of circulating testosterone would be negatively 
correlated with performances on verbal tasks.  Analyses revealed no significant findings 
during the midluteal phase across both groups of women (see Table 8.3), however, a 
significant (albeit unexpected) relationship emerged during menses; verbal priming was 
positively correlated with testosterone levels, r = 0.584, p = 0.018.  Finally, Pearson 
correlations between testosterone delta and verbal performance delta were also not 
significant at midluteal or menses, although there was nonsignificant trend indicate a 
positive relationship between testosterone delta and verbal fluency delta, r = 0.491, p = 
0.063.  This suggests that the magnitude of change in testosterone within subjects was 
related to the magnitude of change in verbal fluency.  
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Between-group Comparisons 
Because Non-OC women tend to have higher levels of circulating estradiol than 
OC women we expected that Non-OC women would outperform OC women on verbal 
tasks.  Results of MANCOVA failed to demonstrate a significant main effect for group (F 
(51, 6) = 0.695, p = 0.203, Wilks’ lambda = 0.930).  We also expected to see an 
interaction of group and phase wherein the difference in performances would be greatest 
at the midluteal phase.  MANCOVA also failed to demonstrate a significant interaction 
(F (51, 6) = 1.450, p = 0.214, Wilks’ lambda = 0.854. Group means, standard deviations 
and significance of between-group comparisons are displayed in Table 8.5. 
 Examination of potential between-group differences on individual tasks yielded 
no significant between-group differences.  An unexpected nonsignificant trend was 
demonstrated on the verbal memory task (BSRT) wherein OC women tended to recall 
more words at delay compared with women in the Non-OC group (F = 4.541, p = 0.071).  
No other significant between-group differences were elicited.  A significant interaction 
(group x phase) was observed among performances on the verbal fluency task (COWA), 
F = 6.220, p = 0.018, although the nature of this interaction was not commensurate with 
our hypotheses (see Figure 9.4). Interestingly, Non-OC women performed better on this 
task at midluteal than menses (as expected) and the opposite was true for OC women.  
Therefore, this interaction reflected a more pronounced between-group difference during 
menses.  
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6.5 Hypothesis 3: Performances on Visuospatial Tasks 
6.5.1 Correlations 
We anticipated that testosterone levels would be positively correlated with 
performances on visuospatial tasks.  During the midluteal phase, there was a 
nonsignificant trend (in the expected direction) observed wherein all women tended to 
perform better on the problem solving task (MRT) with higher levels of testosterone 
levels, r = 0.455, p = 0.089 (see Table 8.6).  Among OC women, visual attention/ 
concentration (d2) was also positively correlated with testosterone levels, r = 0.702, p = 
0.052.  During the menses phase there was an unexpected negative relationship between 
testosterone levels and visuospatial recall, r = -0.473, p = 0.064, although this was not 
statistically significant.  No significant relationships between delta (change) scores were 
observed during midluteal or menses phases (Table 8.8). 
In contrast to the hypothesized relationship between testosterone and visuospatial 
performances, we expected that circulating levels of estradiol would be negatively 
correlated with performances on these measures.  In other words, we anticipated that 
women with higher levels of estradiol would perform more poorly on these tasks.  No 
significant findings were demonstrated during the midluteal phase (see Table 8.7).  
During the menses phase estradiol was significantly, negatively correlated with 
visuospatial recall, as predicted, r = -0.506, p = 0.004.  No significant relationships 
between delta (change) scores were observed during midluteal or menses phases (Table 
8.8). 
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6.6 Between Group Comparisons 
 Given reduced circulating testosterone in OC women relative to Non-OC women, 
we anticipated that there would be a main effect for group such that Non-OC women 
would outperform OC women on visuospatial tasks.  MANCOVA revealed a main effect 
for group, F (52, 6) = 2.502, p = 0.033, Wilks’ lambda = 0.776. We also expected to see 
an interaction of group and phase such that the performance differences between Non-OC 
and OC women would be greatest at the midluteal phase.  This was also not 
demonstrated, F (52, 6) = 0.542, p = 0.774, Wilks’ lambda = 0.941.  Group means, 
standard deviations and significance of between-group comparisons are displayed in 
Table 8.9. 
 Non-OC women outperformed OC women on tasks of visuospatial problem-
solving (MRT) (F = 9.933, p = 0.003) and figural fluency (F = 6.498, p = 0.014), 
commensurate with expectations.  There were no significant interaction (group x phase) 
effects.  Further, no significant phase (midluteal x menses) effects were observed among 
visuospatial performances.    
6.7 Follow-up Analyses 
6.7.1 “Perfect” Hormone Group 
 As explained in the literature review, one of the potential confounds to menstrual 
cycle research is the probability of testing a participant outside of the intended phase or 
testing during an anovulatory cycle.  In both scenarios, within or between-group 
differences might be obscured by hormone levels which are out of range for the intended 
cycle phase (e.g. lower estradiol than is expected during the midluteal phase).  To address 
this concern, we created a “perfect hormone” group for post-hoc analysis including only 
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Non-OC women whose midluteal estradiol levels were significantly greater than menses 
levels (9 Non-OC; 12 OC).  Results were essentially unchanged, a diminished between-
group difference in figural fluency (F = 2.634, p = 0.114), although Non-OC women still 
tended to perform better on this task. 
6.7.2 Monophasic vs. Triphasic Oral Contraceptive Use 
We also expressed concern regarding increased heterogeneity within the oral 
contraceptive group by including both monophasic and triphasic formulations. 
MANCOVA (with negative affect as a covariate) revealed between-group differences in 
verbal memory, with better delayed recall in triphasic OC women compared with 
monophasic OC women (F = 8.136, p = 0.009).  Interestingly, percent retention was 
higher in monophasic OC women (F = 9.736, p = 0.005).  Mean scores are presented in 
Table 8.10.  Among visuospatial tasks, a trend was observed suggesting better problem 
solving in triphasic OC women (F = 4.217, p = 0.051).  Mean scores on visuospatial tasks 
are presented in Table 8.11.  Results of this analysis suggest that within-group 
heterogeneity should be considered when drawing conclusions about the cognitive effects 
of “oral contraceptive” medications in general. 
6.8 EEG Findings 
The following data presented are from between group (OC vs. Non-OC) 
comparisons of EEG activity during the midluteal phase.  As mentioned above, five of 
the participants had EEG sessions during the same cycle as behavioral testing (4 Non-
OC; 1 OC).  The majority did not.  Among this group, there were 7 women in the Non-
OC group and 6 women in the OC group (as mentioned above, 1 outlier was excluded 
from analyses). 
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6.8.1 Measures of Affect and Somnolence 
      There were no significant differences in report of positive (t (12) = -0.078, p = 
0.939) or negative affect (t (12) = 0.160, p = 0.875) between Non-OC and OC women at 
the EEG session.  Moreover, no significant between-group difference was demonstrated 
in reported levels of sleepiness (ESS), (t (12) = 0.234, p = 0.819.   Given the lack of 
between-group differences, no covariates were used in between-group analyses. 
6.8.2 Circulating Hormone Levels 
Unlike the midluteal behavioral session, estradiol and testosterone levels taken 
during the EEG session were not significantly different between the two groups of 
women (see Table 8.12). Notably, the mean estradiol level was higher in OC women than 
expected (and relative to observations from midluteal behavioral testing).  This was 
driven by estradiol levels in two OC participants (both 0.8 pg/ml).  Interestingly, 
circulating estradiol was much lower for these two individuals (e.g., 0.1 pg/ml) during 
their midluteal behavioral testing sessions which were carried out in a different month for 
both participants.  The factor(s) contributing to this unexpected finding are unknown 
(e.g., data were not collected regarding medication compliance in OC women).   Due to 
the relatively small sample size, data from these women were not excluded from 
analyses.   
6.8.3 Baseline Eyes Closed Condition 
6.8.3.1 Laterality Indices 
Given our expectation that estradiol has an “activating” effect specific to the left 
hemisphere, it was anticipated that Non-OC women would demonstrate greater left 
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hemisphere activation than OC women.  Moreover, it was hypothesized that laterality 
index (LI) values would be positively correlated with estradiol levels (Note: higher LI 
values indicate greater relative left hemisphere activation).  In contrast, we expected that 
testosterone would be negatively correlated with LI values.  
We did not find a significant main effect for group, F (5, 7) = 1.547, p = 0.326, 
Wilks’ lambda = 0.316.  Group LI means were only significantly different for 
temporally-placed electrodes (T7 and T8), F = 7.791, p = 0.018 (for electrode placement 
see Figure 9.1) wherein Non-OC women had greater relative activation in the left 
temporal region than OC women (see Table 8.13).  We also failed to observe significant 
correlations between LI values, estradiol, and testosterone during the baseline condition 
(see Tables 8.14 and 8.15). 
6.8.3.2 Average Hemispheric Alpha Power Density 
In examining average log alpha power by hemisphere (without calculating relative 
activation), we found that Non-OC women trended toward lower alpha power (greater 
activation) in the left hemisphere compared with OC women, F = 4.178, p = 0.066.  
Interestingly, we observed a similar trend for activation contralaterally (F = 3.254, p = 
0.099), where Non-OC women also had greater activation in the right hemisphere (see 
Table 8.16).  In Non-OC women estradiol levels were negatively correlated with average 
log alpha power in both the left (r = -0.855, p = 0.030) and right hemispheres (r = -0.854, 
p = 0.031).  In other words, higher estradiol levels were associated with greater activation 
(less alpha), bilaterally (see Table 8.17).  No significant trend was observed in OC 
women (see Table 8.18).   
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Of additional interest were the relationships observed between testosterone and 
hemispheric activation.  In Non-OC women, testosterone levels were also negatively 
correlated with average log alpha power in both hemispheres (r = -0.980, p = 0.001) and 
right hemispheres (r = -0.973, p = 0.001).  This was a stronger and more reliable 
relationship than was seen with estradiol.  This trend was not demonstrated among OC 
women. 
6.8.4 Lexical Decision Task 
6.8.4.1 Laterality Indices 
Our hypothesis that there would be a main effect for group among LI values for 
all homologous pairs during the Lexical Decision Task was not supported, F (7, 5) = 
1.593, p = 0.314, Wilks’ lambda = 0.310.  Relative left hemisphere activation was 
significantly greater in Non-OC women only in frontally-placed electrodes (F8-F7: F = 
7.648, p = 0.018).  Similar to the baseline condition, a nonsignificant trend (in the 
expected direction) was observed with temporally-placed electrodes (F = 4.766, p = 
0.052).  Data are presented in Table 8.19. 
Among Non-OC women, negative correlations between occipital region laterality 
(O2-O1) and both estradiol (r = -0.958, p = 0.003) and testosterone (r = -0.844, p = 0.035) 
were observed.  In OC women there was a positive correlation between testosterone and 
LI values in centrally-placed electrodes (C4-C3), r = 0.993, p = 0.007.  Data from these 
analyses are presented in Tables 8.20 and 8.21. 
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6.8.4.2 Average Hemispheric Alpha Power Density 
Significant between-group differences in average log alpha power were 
demonstrated for both hemispheres, illustrating a similar, but stronger effect than was 
observed in the baseline task.  During Lexical Decision, Non-OC women evidenced 
significantly less alpha power (greater activation) in the left (F = 12.134, p = 0.005) and 
right hemispheres (F = 10.096, p = 0.008) compared with those in the OC group (Table 
8.22).  There were no significant associations between estradiol, testosterone, and 
hemispheric activation for either group (see Tables 8.23 and 8.24). 
6.8.4.3 Accuracy and Reaction Time 
Despite our prediction that Non-OC women would outperform OC women, 
accuracy and reaction time were not significantly different between the two groups on the 
Lexical Decision task (see Table 8.25).  Moreover, performance was not correlated with 
estradiol or testosterone levels for women in either group (see Tables 8.26 and 8.27) 
6.8.4.4 EEG Activity and Performances on Verbal Tasks 
 It was expected that LI values (relative left hemisphere activation) during the 
verbal task (Lexical Decision) would be positively correlated with performance on the 
task itself.  Interestingly, there was a negative correlation between accuracy and relative 
left activation in the frontal regions (F8-F7: r = -0.942, p = 0.005) in Non-OC women.  
Accuracy was also was also positively correlated with alpha power in both right (r = 
0.811, p = 0.050) and left (r = 0.845, p = 0.034) hemispheres, meaning that greater 
accuracy was associated with less activation (see Tables 8.28 and 8.29).   
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Similar trends were observed with regards to LI values in OC women. Accuracy 
was negatively associated with LI values in frontal (F8-F7:  r = -0.830, p = 0.082) and 
occipital regions (O2-O1), r = -0.865, p = 0.058, however, no notable relationships were 
observed between hemispheric alpha power and accuracy or reaction time in OC women 
(see Tables 8.30 and 8.31). 
Exploratory analyses were conducted to examine whether LI values and 
hemispheric alpha during the Lexical Decision task were positively correlated with 
performances on other verbal tasks completed during the midluteal behavioral testing 
session.  These analyses were exploratory given our acknowledgement that neural 
activity would presumably not be comparable for all verbal tasks.   
We observed no significant correlations between hemispheric alpha power and 
midluteal performances in either group of women. Statistically significant relationships 
were only observed between Lexical Decision LI values and performances on verbal 
priming albeit the nature of the relationship differed substantially between the two groups 
of women.  Specifically, relative left activation of frontal regions (F4-F3) was positively 
correlated with verbal priming among OC women, r = 0.928, p = 0.008).  In contrast, LI 
values among frontal electrodes (F4-F3) were negatively correlated with priming 
performances in Non-OC women (r = -0.809, p = 0.027). 
6.8.5 Letter Rotation Task 
6.8.5.1 Laterality Indices 
It was hypothesized that Non-OC women would demonstrate greater left 
hemisphere activation than OC women and that laterality indices would be positively 
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correlated with estradiol levels (see Table 8.32).  There was not a significant main effect 
for group, F (5, 7) = 0.581, p = 0.795, Wilks’ lambda = 0.581.  In Non-OC women 
occipital laterality (O2-O1) was negatively correlated with both estradiol and testosterone 
levels (r = -0.914, p = 0.011; r = -0.923, p = 0.009, respectively), meaning that higher 
levels of circulating estradiol and testosterone were generally associated with less relative 
left hemisphere activation in these posterior regions (see Table 8.33).  No significant 
relationships were demonstrated between hormone levels and laterality indices in the OC 
group (Table 8.34). 
6.8.5.2 Average Hemispheric Alpha Power Density 
 Like the lexical decision condition, significant between-group differences in 
average log alpha power were demonstrated for both hemispheres (see Table 8.35).  
During this task, Non-OC women evidenced significantly less alpha power (greater 
activation) in the left (F = 9.779, p = 0.010) and right hemispheres (F = 8.075, p = 0.016) 
compared with those in the OC group.  There were no significant correlations between 
estradiol, testosterone, and log alpha in either group (see Tables 8.36 and 8.37).  
6.8.5.3 Accuracy and Reaction Time 
On the Letter Rotation task between-group differences in accuracy and reaction 
time were not statistically significant (see Table 8.38).  No notable relationships were 
observed between estradiol and performance on this task (see Table 8.39).  Testosterone 
was positively correlated with reaction time in OC women (r = 0.979, p = 0.021), 
meaning that higher levels of this hormone were generally associated with increased 
reaction time (Table 8.40). 
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6.8.5.4 EEG Activity and Performances on Visuospatial Tasks 
 It was expected that laterality index values (relative left hemisphere activation) 
during the visuospatial task (Letter Rotation) would be negatively correlated with 
performance the Letter Rotation task.  In other words, we would not expect relative left 
activation to be associated with better performance on this visuospatial task.  Among 
Non-OC women, there was a negative trend between accuracy and relative left activation 
in the frontal regions (F8-F7), r = -0.794, p = 0.060 (see Table 8.40).  Within the OC 
group, however, there was a positive trend between accuracy and relative left activation 
in frontal regions (F4-F3), r = -0.875, p = 0.052 (see Table 8.42).  Neither accuracy nor 
reaction time was significantly associated with left or right alpha (see Tables 8.41 and 
8.43). 
 Similar to the Lexical Decision task, we conducted exploratory analyses to 
determine whether EEG activity during the Letter Rotation task was significantly related 
to performances on other visuospatial tasks.  Within the Non-OC group, performances on 
midluteal visuospatial recall were negatively correlated with alpha power (positively 
related to activation) in the left hemisphere during the Letter Rotation task (r = -0.759, p 
= 0.048).  LI values from occipital electrodes (O2-O1) were negatively correlated with 
visuospatial priming performances (O2-O1: r = -0.757, p = 0.049). 
 In OC women, midluteal performances on the mental rotation (problem solving) 
task were negatively correlated with LI values in both frontal (F8-F7: r = -0.805, p = 
0.053) and temporal electrodes (T8-T7: r = -0.822, p = 0.045).  Additionally, OC group 
performances on the figural fluency task were positively related to right (r = 0.831, p = 
0.041) and left hemisphere (r = 0.886, p = 0.019) alpha power in both groups.   
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6.8.6 Mood/Sleepiness and EEG Activity 
Across conditions, there were no significant correlations between positive affect 
and alpha activity.  Negative affect was negatively correlated with LI values in posterior 
regions, such that there tended to be less relative activation in the left posterior regions 
when participants endorsed more negative affect (Baseline: P4-P3: r = -0.484, p = 0.094; 
P8-7: r = -0.717, p = 0.006; Lexical Decision: O2-O1: r = -0.554, p = 0.049).  Sleepiness 
was positively correlated with greater relative left activation in centrally-placed 
electrodes (C4-C3), r = 0.575, p = 0.040 during the Letter Rotation task.  Mood and 
sleepiness were not correlated with performances on the EEG tasks. 
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7. DISCUSSION 
 
 In this section, a summary of the results from behavioral and EEG testing is 
provided, followed by interpretation, discussion of study limitations and areas needing 
further exploration, and conclusions. 
 
7.1 Review of Findings: 
7.1.1 Assessment of Experimental Assumptions 
As anticipated, the two groups of women did not differ significantly in mean age, 
educational background, or estimation of intellectual abilities.  Expected between-group 
differences in estradiol and testosterone (Non-OC > OC) were demonstrated for samples 
taken at behavioral testing sessions, however, the expected differences were not observed 
at the midluteal EEG session.  The most likely explanation is exceptionally high estradiol 
levels observed in two of the OC participants.  The factor(s) contributing to this 
unexpected finding are unknown (e.g., data were not collected regarding medication 
compliance in OC women).  Data from these women were not excluded from analyses.  
This was, in part, because of a small sample size.  Additionally, we had the benefit of 
assessing the potential relationship between these high estradiol levels and EEG activity 
through correlational analyses. 
7.1.2 Performances on Verbal Tasks 
Based on the hypothesis that estradiol has a facilitating effect on performance of 
verbally-mediated tasks, it was expected that estradiol levels would be positively 
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correlated with participants’ scores on verbal measures.  Moreover, we expected to see 
significant between-group differences in verbal performances predicated on the 
assumption that Non-OC women represent a “high estradiol” group and that OC women 
represent a “low estradiol” group.  We also anticipated that the differences between 
groups would be most pronounced during the midluteal phase when estradiol levels 
would be relatively higher in Non-OC women. 
Our hypotheses germane to verbal performances were largely unsupported.    
There were no main effects for group, phase, or expected interaction effects.  
Interestingly, there was a trend indicating that OC women outperformed Non-OC women 
on the verbal memory task.  Moreover, performances on most verbal measures did not 
have the anticipated relationship with circulating estradiol levels.  Only verbal priming 
demonstrated the expected positive correlation with estradiol levels, however, this was 
only during menses.   
In contrast to the “facilitating” effect of estradiol, we expected that testosterone 
levels would be negatively correlated with verbal performances.  This was also 
unsupported; testosterone was positively correlated with verbal priming during menses 
for both OC and Non-OC women. 
7.1.3 Performances on Visuospatial Tasks 
 Based on the hypothesis that testosterone has a facilitating effect on performance 
of visuospatial tasks, it was expected that testosterone levels would be positively 
correlated with participants’ scores on visuospatial measures.  Further, we expected to see 
significant between-group differences in visuospatial performances based on the evidence 
that Non-OC women tend to have higher levels of circulating testosterone relative to OC 
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women.  We anticipated that the difference between groups would be most pronounced 
during the midluteal phase. 
Consistent with expectations (and findings from the pilot study), Non-OC women 
performed significantly better on two visuospatial tasks: problem solving (MRT) and 
figural fluency (FPT).  In general, we did not observe the significant positive correlations 
between visuospatial performances and testosterone that we expected.  In fact there was a 
trend toward worse visuospatial recall with higher testosterone levels.   
Finally, we anticipated that estradiol would be negatively correlated with 
performances on visuospatial tasks.  This was only evident during menses where we 
observed a negative correlation between visuospatial recall and testosterone levels. 
7.1.4 Baseline EEG 
We hypothesized that Non-OC women would demonstrate greater activation 
specific to the left hemisphere compared with OC women.  In the baseline condition, we 
observed Non-OC women to demonstrate less alpha power density (greater activation) in 
both right and left hemispheres relative to OC women, although it appeared that there 
was still greater relative left activation in the frontal and temporal regions among Non-
OC women.  Interestingly, both estradiol and testosterone were related to greater 
activation (bilaterally) within the Non-OC group. 
7.1.5 Lexical Decision EEG 
Commensurate with our predictions, Non-OC women demonstrated greater 
relative left activation in frontal and temporal regions during the Lexical Decision task.  
Further, we continued to observe significantly greater activation, bilaterally in Non-OC 
   70
women compared with OC women.  Unlike the baseline condition, activation was not 
correlated with estradiol levels during this task.  Despite neurophysiologic differences 
between the two groups of women, performance on the Lexical Decision task was not 
significantly different.  Interestingly, relative left activation in frontal regions was 
associated with reduced accuracy in both groups of women.  Finally, exploratory analysis 
of relationships between EEG during this verbal task and performances on other verbally-
based tasks yielded divergent patterns between the two groups.  Specifically, greater 
relative left activation (during the Lexical Decision task) in frontal regions was correlated 
with better verbal priming performances in OC women whereas this pattern was related 
to less verbal priming in Non-OC women. 
7.1.6 Letter Rotation EEG 
 Similar to the Lexical Decision task, Non-OC women were observed to have 
significantly greater bilateral activation compared with OC women which was unrelated 
to estradiol and testosterone levels.  Again, this did not lead to differences in task 
accuracy or reaction time.  Additionally, we continued to see a divergent pattern between 
groups wherein greater relative left frontal activation was associated with greater task 
accuracy in OC women, but associated with worse performance in Non-OC women.  
Finally, exploratory analyses revealed that greater relative right activation in 
frontotemporal regions (during the Letter Rotation task) were associated with better 
performance on the problem solving (Mental Rotation) task in OC women.  Given the 
similarity of these tasks, this is likely the most meaningful relationship demonstrated.  
We did not see a similar pattern among OC women. 
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7.2 Interpretation and Considerations 
 One of the central aims of this study was to explore the nature of the relationship 
between hormones and neurophysiologic activity or “brain activation.”  Results of 
previous studies suggest that estradiol may have an activating effect selective to the left 
hemisphere, given the seeming facilitating effect of estradiol on verbally-mediated tasks.  
In contrast to the expected unilateral activation, we observed greater bilateral activation 
in Non-OC women (our high estradiol group) compared with OC women (our low 
estradiol group).  Moreover, this bilateral “activation” seemed to be related to both 
estradiol and testosterone levels.   This blurs the picture considerably and makes it 
difficult to determine the extent to which each hormone may activate specific brain 
regions.  In other words, do these hormones have equal effects on each hemisphere or, for 
example, is estradiol activating the left hemisphere and testosterone activating the right 
hemisphere?  An additional complication in gaining a clear picture of specific hormone-
brain relationships is that testosterone and estradiol are not fully independent substances; 
an enzyme called aromatase converts some of the body’s testosterone into estrogens.   
Regardless of how estradiol and testosterone might individually contribute to 
brain activation, our findings suggest that a young woman’s hormonal milieu may 
significantly affect brain activation.  As such, it would be logical to assume that an 
overall activating effect would elicit better cognitive performances whether verbally-
mediated or visuospatial in nature.  We did observe significant between-group differences 
on two visuospatial tasks (mental rotation and figural fluency), with Non-OC women (our 
high estradiol group) outperforming OC women (our low estradiol group).  In contrast, 
Non-OC women did not outperform OC women group on verbal tasks as we would 
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expect.  In fact, OC women outperformed Non-OC women on the verbal memory task.  
This was an unexpected finding, as it is inconsistent with other published studies 
examining the relationship between estradiol and verbal performances (e.g. Phillips & 
Sherwin, 1992). 
The discrepancy between verbal and visuospatial performances is perplexing, 
given observed bilateral activation.  Specifically, if OC women have less neural 
activation overall, why would there only be a significant between-group discrepancy in 
visuospatial performances and not for verbal performances as well?  One potential reason 
for a lack of a consistent relationship between what we are observing physiologically and 
behaviorally is that greater “activation” may not truly translate into better functioning.  
One of the challenges to interpretation of any type of functional neuroimaging is that we 
must assume what increased activation means.  In some cases, this may mean that 
activation in task-related neural areas represents better performance through strength of 
activation.  However, there is also a possibility that less activation means that an 
individual may require fewer cortical resources to complete a task because they are 
highly skilled or that the task is automatic and overlearned (Gevins, Smith, McEvoy, & 
Yu, 1997; Berman, et al., 1997). 
Perhaps another reason that similar discrepancies are not observed among verbal 
tasks relates to the fact that they are considered “female-favored” tests and that this 
sample is very high-functioning (as evidenced by mean Vocabulary scores in the high 
average range).  It is possible that, among high functioning females, performances on 
verbal tasks are less susceptible to physiologic changes because they have more cognitive 
resources.  Visuospatial tasks, on the other hand, are considered to be more challenging 
   73
to females.  Thus, this less well-developed set of abilities may be more vulnerable to 
physiologic changes, like hormonal fluctuation or brain activation. 
Of course, this line of reasoning does not fully explain why OC women would 
outperform Non-OC women on a verbal memory task.  While it is possible that this is 
merely a spurious finding or the result of low statistical power, we might also entertain 
the notion that the relationship between estradiol and memory just may not be that clear.  
This is perhaps, in part, because memory is a complex construct and hippocampal 
integrity (most closely associated with estradiol-associated changes) is not the only 
component necessary to memory functioning. 
There are several other ways in which our findings were not consistent with our 
hypotheses.  First, we did not observe strong relationships between circulating hormone 
levels and task performances.  We conjecture that circulating hormone levels at the time 
of testing may not be the best indicator of the extent to which brain structures are 
influenced by estradiol or testosterone.  In other words, the hormonal facilitation one 
might observe may be the result of high estradiol or testosterone several hours or days 
prior to testing.  On a related note, there was little evidence of change over the menstrual 
cycle in performances on cognitive tasks (e.g., midluteal versus menses).  It is possible 
that the ebb and flow of hormone levels over the cycle occur so quickly that they do not 
cause dramatic changes.  In sum, these findings suggest that the data most illustrative of 
the hormone-cognition relationship are collected in the context of the long-term hormonal 
milieu such as comparing Non-OC and OC women. 
Finally, we observed another interesting discrepancy between groups in the 
relationship between LI values and performance from EEG.  For example, on the Letter 
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Rotation task greater relative left activation was associated with better performances in 
one group whereas greater relative right activation was associated with better 
performances in the other group.  This suggests that the two groups of women may be 
using different strategies to achieve the same result (e.g. comparable behavioral 
performances) and raises interesting questions:  Does this mean that OC women may use 
different strategies because of their hormonal status (and associated differences in 
activation)? If this were the case, and some sort of adaptation does occur, at what point 
would this happen and how quickly are women able to adapt? The prospect of an 
adaptive process (and the need for one) makes a stronger argument for the role of existing 
cognitive resources in our findings.   Perhaps we would see more apparent between group 
differences if the women were not as high functioning and less well able to cognitively 
adapt. 
7.3 Limitations and Directions for Future Research 
 The most substantial limitation of this study is that it is not a true experiment, 
meaning that these participants were not randomly assigned to their respective groups, 
nor was it within the scope of this study design to assess cognitive performances before 
and after pill use.  Therefore, although the groups seem relatively equal in the aspects of 
age, educational level, and estimated intellectual functioning, we cannot account for 
individual differences in pre-pill abilities or neurophysiologic activity.  Certainly, pre- 
and post-pill studies would provide the strongest design with which to address the study 
question examining brain and behavior changes associated with pill use.  Further, because 
it appears that both testosterone and estradiol may have activating effects on the brain, a 
future study that employed hormonal suppression and subsequent add-back therapy with 
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the hormone of interest might better tease apart the effects of each hormone.  That being 
said, it is difficult (if not impossible) to control for the concomitant changes in other 
neurotransmitters that are directly impacted by gonadal hormones (e.g., serotonin, 
dopamine, and acetylcholine) and how these changes might also impact cognitive 
functioning. 
Another important drawback to this study is how well we are able to generalize 
from our findings.  We have already made mention of one limiting factor; this sample 
was quite high functioning.  It is therefore difficult to say whether we would expect the 
same results with “average” or low-functioning individuals or neurologic patients (e.g., 
TBI patients).  Our attempts to increase internal validity (e.g., excluding women who 
were left-handed or had history of endocrine or neurologic dysfunction) admittedly 
diminish the external validity of our findings. 
Finally, this study design was quite challenging given the demands on participants 
and confines of testing within circumscribed periods of time (e.g., the midluteal phase).  
This contributed to variability in length of time between behavioral sessions and made it 
difficult to schedule behavioral and EEG testing within the same midluteal phase, 
perhaps making comparisons between cognitive testing and EEG data less meaningful. 
 Despite the methodological limitations of this study, these interesting results 
warrant further exploration.  This is particularly important given the relative dearth of 
empirical study with young women as compared to peri-or post-menopausal women.  
Moreover, given the evidence that there may be differences in oral contraceptive 
preparations (e.g. as evidenced by post-hoc analyses of monophasic vs. triphasic OC 
groups), it might be important to further examine how they might differently affect 
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neurophysiologic activity and cognition. Further, since the time of this study’s inception 
there have been significant changes in types of hormonal contraceptives including: 
cervical rings, transdermal patches, and the new 91-day pill.  It is unknown whether 
findings from this study would be generalizable to these other methods and this warrants 
further examination. 
7.4 Conclusions 
Significant between-group differences were found in EEG alpha activity, suggesting 
that Non-OC women have greater overall cortical activation rather than the proposed 
lateralized effect.  It is less clear whether this difference in activation translates into 
significant changes in overall cognitive functioning.  Non-OC women did outperform OC 
women on visuospatial tasks, consistent with pilot study results.  We suspect that these 
“male-favored” tasks are more susceptible to changes in hormonal milieu.  There was 
little evidence for significant cognitive change over the menstrual cycle, nor did we see 
the expected interactions between group and menstrual cycle phase (excepting verbal 
fluency).  Finally, the relationships between estradiol, testosterone, and performances on 
cognitive tasks were unexpectedly weak. 
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8. TABLES 
Table 8.1. Types of Oral Contraceptives Used in OC Group 
 
Pill Brand Type Ethinyl Estradiol (micrograms) 
Progestin/Dose 
(milligrams) N 
Alesse* Monophasic 20 levonorgestrel  0.10 1 
Estrostep FE Triphasic 20/30/35 norethindrone acetate 1.0 1 
Loestrin* Monophasic 20 norethindrone acetate 1.0 1 
Lo-Ovral Monophasic 30 norgestrel  0.30 1 
Ortho Tri-Cyclen* Triphasic 35/35/35 norgestimate 0.150/0.215/0.250 6 
Ortho Tri-Cyclen-Lo Triphasic 25 norgestimate 0.180/0.215/0.250 2 
Yasmin Monophasic 30 drospirenone 3.0 3 
 
* Includes brand name and generic formulations 
 
 
Table 8.2.  Behavioral Testing: Pearson Correlations Between Estradiol and Verbal 
Performances 
 
Task   Midluteal Expected? Menses Expected? 
Recall  r -0.253 -0.255 No 
   p 0.195 No 0.166  
Retention  r -0.178 No -0.389 No 
   p 0.364  0.030  
Priming  r -0.237 No 0.496 Yes 
   p 0.225  0.005*  
Problem Solving  r 0.151 Yes 0.314 Yes 
   p 0.444  0.085  
Fluency  r 0.216 Yes -0.070 No 
   p 0.270  0.707  
Attention  r -0.164 No -0.015 No 
   p 0.403  0.937  
 
*Significance at 0.05, two-tailed 
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Table 8.3.  Behavioral Testing: Pearson Correlations Between Testosterone and 
Verbal Performances 
 
Task   Midluteal 
Expected 
Trend? Menses 
Expected 
Trend? 
Recall  r 0.145 -0.220 Yes 
   p 0.606 
No 
 0.413  
Retention  r 0.320 No -0.302 Yes 
   p 0.245  0.256  
Priming  r -0.237 Yes 0.584 No 
   p 0.394  0.018*  
Problem Solving  r 0.390 No 0.194 No 
   p 0.151  0.472  
Fluency  r 0.374 No -0.226 Yes 
   p 0.170  0.401  
Attention  r 0.199 No -0.411 Yes 
   p 0.478  0.114  
 
 
Table 8.4. Behavioral Testing: Pearson Correlations Between Delta (Change) Scores 
 
Task   
Estradiol 
Delta 
Testosterone 
Delta 
Recall Delta  r -0.187 0.248 
   p 0.351 0.373 
Retention Delta  r -0.240 0.330 
   p 0.229 0.230 
Priming Delta  r -0.188 -0.264 
   p 0.348 0.341 
Problem Solving   r 0.117 0.325 
 Delta  p 0.561 0.238 
Fluency Delta  r 0.292 0.491 
   p 0.139 0.063 
Attention Delta  r 0.090 0.267 
   p 0.655 0.336 
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Table 8.5.  Behavioral Testing: Group Means and Standard Deviations for Verbal 
Performances (Covariate: Negative Affect) 
 
 Group Phase Mean SD P-Value 
Midluteal 10.86 1.68 
Non OC Menses 10.86 1.68 
Midluteal 11.44 0.73 Recall 
OC Menses 11.50 0.76 
0.071 
Midluteal 97.22 4.81 
Non OC Menses 91.78 15.35 
Midluteal 95.37 6.05 % Retention 
OC Menses 98.33 10.65 
0.157 
Midluteal 2.29 2.43 
Non OC Menses 3.71 2.36 
Midluteal 4.67 3.16 Priming 
OC Menses 2.00 1.85 
0.839 
Midluteal 14.29 6.21 
Non OC Menses 15.43 2.15 
Midluteal 13.67 3.77 
Problem 
Solving 
OC Menses 15.25 3.77 
0.890 
Midluteal 45.86 13.01 
Non OC Menses 42.00 10.79 
Midluteal 43.89 5.49 Fluency 
OC Menses 49.25 8.94 
0.726 
Midluteal 138.71 34.56 
Non OC Menses 144.00 21.89 
Midluteal 159.00 13.99 Attention 
OC Menses 159.88 16.47 
0.845 
 
*Significance at 0.05, two-tailed 
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Table 8.6.  Behavioral Testing: Pearson Correlations Between Testosterone and 
Visuospatial Performances 
 
Task   Midluteal 
Expected 
Trend? Menses 
Expected 
Trend? 
Recall  r 0.332 Yes -0.473 No 
   p 0.227  0.064  
Retention  r 0.120 Yes -0.122 No 
   p 0.671  0.652  
Priming  r 0.094 Yes 0.346 Yes 
   p 0.740  0.189  
Problem Solving  r 0.455 Yes 0.194 Yes 
  p 0.089  0.472  
Fluency  r 0.209 Yes -0.269 No 
   p 0.454  0.314  
Attention  r 0.043 Yes -0.216 No 
   p 0.878  0.421  
 
*Significance at 0.05, two-tailed 
 
 
Table 8.7.  Behavioral Testing: Pearson Correlations Between Estradiol and 
Visuospatial Performances 
 
Task   Midluteal 
Expected 
Trend? Menses 
Expected 
Trend? 
Recall  r -0.001 Yes -0.506 Yes 
   p 0.996  0.004*  
Retention  r 0.152 No -0.014 Yes 
   p 0.441  0.942  
Priming  r 0.191 No 0.162 No 
   p 0.332  0.383  
Problem Solving  r 0.068 No -0.047 Yes 
   p 0.730  0.802  
Fluency  r 0.102 No -0.074 Yes 
   p 0.606  0.692  
Attention  r -0.282 Yes 0.122 No 
   p 0.146  0.512  
 
*Significance at 0.05, two-tailed 
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Table 8.8. Behavioral Testing: Pearson Correlations Between Delta (Change) Scores 
 
 
Task   
Estradiol 
Delta 
Testosterone 
Delta 
Recall Delta  r 0.139 0.338 
   p 0.497 0.218 
Retention Delta  r 0.245 0.202 
   p 0.227 0.471 
Priming Delta  r 0.144 -0.266 
   p 0.474 0.338 
Problem Solving   r -0.034 0.255 
 Delta  p 0.866 0.359 
Fluency Delta  r 0.125 0.331 
   p 0.533 0.228 
Attention Delta  r 0.083 0.309 
   p 0.680 0.263 
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Table 8.9. Behavioral Testing: Group Means and Standard Deviations for 
Visuospatial Performances (Covariate: Negative Affect) 
 
 
 Group Phase Mean SD P-Value 
Midluteal 7.13 1.02 
Non OC Menses 6.53 1.64 
Midluteal 6.27 1.22 Recall 
OC Menses 6.47 1.55 
0.327 
Midluteal 93.44 13.75 
Non OC Menses 89.88 11.80 
Midluteal 84.98 17.65 % Retention 
OC Menses 83.88 16.90 
0.140 
Midluteal 16.63 8.16 
Non OC Menses 17.87 6.64 
Midluteal 16.60 7.34 Priming 
OC Menses 17.80 7.06 
0.919 
Midluteal 81.81 15.09 
Non OC Menses 85.19 10.56 
Midluteal 72.34 13.04 
Problem 
Solving 
OC Menses 73.29 14.66 
0.003* 
Midluteal 46.69 8.65 
Non OC Menses 48.00 8.49 
Midluteal 41.93 8.79 Fluency 
OC Menses 41.47 8.87 
0.014* 
Midluteal 224.81 46.67 
Non OC Menses 239.27 38.70 
Midluteal 221.33 41.33 Attention 
OC Menses 224.80 47.23 
0.464 
 
*Significance at 0.05, two-tailed 
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Table 8.10.  Behavioral Post-Hoc Analysis: Group Means for Verbal Performances 
(Covariate: Negative Affect) 
 
 Group Mean P-Value 
Triphasic 13.39 
Recall 
Monophasic 11.50 
0.009* 
Triphasic 92.38 
% Retention 
Monophasic 98.89 
0.005* 
Triphasic 2.61 
Priming 
Monophasic 3.08 
0.824 
Triphasic 11.22 Problem 
Solving 
Monophasic 13.75 
0.348 
Triphasic 48.89 
Fluency 
Monophasic 46.67 
0.102 
Triphasic 148.41 
Attention 
Monophasic 158.25 
0.338 
 
*Significance at 0.05, two-tailed 
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Table 8.11.  Behavioral Post-Hoc Analysis: Group Means for Visuospatial 
Performances (Covariate: Negative Affect) 
 
 Group Mean P-Value 
Triphasic 6.39 
Recall 
Monophasic 6.33 
0.585 
Triphasic 83.49 
% Retention 
Monophasic 85.83 
0.932 
Triphasic 18.06 
Priming 
Monophasic 15.92 
0.564 
Triphasic 75.40 Problem 
Solving 
Monophasic 68.94 
0.051 
Triphasic 39.61 
Fluency 
Monophasic 44.83 
0.322 
Triphasic 225.83 
Attention 
Monophasic 218.92 
0.925 
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Table 8.12.  EEG: Group Means, Standard Deviations, and Significance for 
Hormone Levels 
 
Hormone Non-OC OC P-Value 
Estradiol 0.60 (0.36) 0.57 (0.40) 0.462 
Testosterone 13.72 (5.59) 8.43 (4.09) 0.135 
 
 
 
Table 8.13 EEG Baseline Condition: Group Differences in Laterality Index Values 
 
 Group Mean SD 
Expected 
Trend? 
P-
Value 
Non OC 0.007 0.014 F4-F3 
OC 0.002 0.012 Yes 0.461 
Non OC 0.010 0.022 F8-F7 
OC -0.005 0.016 Yes 0.193 
Non OC 0.010 0.027 C4-C3 
OC 0.002 0.012 Yes 0.500 
Non OC 0.030 0.034 T8-T7 
OC -0.017 0.024 Yes 0.018* 
Non OC 0.014 0.029 P4-P3 
OC 0.000 0.013 Yes 0.294 
Non OC 0.047 0.030 P8-P7 
OC 0.032 0.063 Yes 0.575 
Non OC -0.007 0.038 O2-O1 
OC -0.027 0.046 Yes 0.420 
 
*Significance at 0.05, two-tailed 
Note: Higher laterality index values indicate greater relative left hemisphere activity. 
 
 
   86
 
Table 8.14. EEG Baseline Condition: Pearson Correlations Between Laterality 
Index Values and Hormone Levels in Non-OC Women 
 
 
Electrode Pair  Pearson Estradiol 
Expected 
Trend? Testosterone 
Expected 
Trend? 
F4F3  r -0.423 -0.413 
   p 0.404 No 0.416 Yes 
F8F7  r -0.186 -0.072 
   p 0.724 No 0.892 Yes 
C4C3  r 0.086 0.244 
   p 0.871 Yes 0.641 No 
T8T7  r -0.480 -0.252 
   p 0.336 No 0.630 Yes 
P4P3  r -0.283 -0.382 
   p 0.586 No 0.454 Yes 
P8P7  r -0.056 -0.329 
   p 0.916 No 0.525 Yes 
O201  r -0.493 -0.542 
   p 0.321 No 0.267 Yes 
 
*Significance at 0.05, two-tailed 
 
Table 8.15. EEG Baseline Condition: Pearson Correlations Between Laterality 
Index Values and Hormone Levels in OC Group Women 
 
Electrode Pair  Pearson Estradiol 
Expected 
Trend? Testosterone 
Expected 
Trend? 
F4F3  r -0.103 -0.768 
   p 0.897 No 0.232 Yes 
F8F7  r 0.362 -0.711 
   p 0.638 Yes 0.289 Yes 
C4C3  r 0.312 -0.899 
   p 0.688 Yes 0.101 Yes 
T8T7  r 0.510 -0.779 
   p 0.490 Yes 0.221 Yes 
P4P3  r 0.254 -0.698 
   p 0.746 Yes 0.302 Yes 
P8P7  r 0.447 0.683 
   p 0.553 Yes 0.317 No 
O201  r 0.449 -0.788 
   p 0.551 Yes 0.212 Yes 
 
*Significance at 0.05, two-tailed 
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Table 8.16. Baseline Condition: Group Differences in Average Hemispheric Log 
Alpha 
 
 Group Mean SD 
Expected 
Trend? P-Value 
Non OC 2.641 0.355Left 
Average OC 3.087 0.431 Yes 0.066 
Non OC 2.690 0.376Right 
Average OC 3.082 0.407 Yes 0.099 
 
*Significance at 0.05, two-tailed 
Note: Higher Alpha = Less Activation 
 
 
Table 8.17. EEG Baseline Condition: Pearson Correlations Between Average 
Hemispheric Log Alpha and Hormones in Non-OC Women 
 
  Pearson Estradiol 
Expected 
Trend? Testosterone 
Expected 
Trend? 
 r -0.854 -0.980 Left 
Average  p 0.031* Yes 0.001* No 
 r -0.855 -0.973 Right 
Average  p 0.030* No 0.001* Yes 
 
*Significance at 0.05, two-tailed 
 
 
Table 8.18. EEG Baseline Condition: Pearson Correlations Between Average 
Hemispheric Log Alpha and Hormones in OC Women 
 
  Pearson Estradiol 
Expected 
Trend? Testosterone 
Expected 
Trend? 
 r -0.926 0.090 Left 
Average  p 0.074 Yes 0.910 No 
 r -0.929 0.024 Right 
Average  p 0.071 No 0.976 Yes 
 
*Significance at 0.05, two-tailed 
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Table 8.19. EEG Lexical Decision Condition: Group Differences in Laterality 
Indices 
 
 Group Mean SD 
Expected 
Trend? 
P-
Value 
Non OC 0.007 0.011 
F4-F3 OC -0.009 0.008 Yes 0.018* 
Non OC -0.021 0.025 
F8-F7 OC -0.025 0.021 Yes 0.76 
Non OC 0.024 0.055 
C4-C3 OC -0.001 0.020 Yes 0.316 
Non OC 0.022 0.032 
T8-T7 OC -0.014 0.026 Yes 0.052 
Non OC 0.011 0.027 
P4-P3 OC 0.012 0.023 Yes 0.972 
Non OC 0.039 0.047 
P8-P7 OC 0.047 0.057 Yes 0.786 
Non OC -0.015 0.033 
O2-O1 OC -0.037 0.049 Yes 0.368 
 
*Significance at 0.05, two-tailed 
 
 
Table 8.20. EEG Lexical Decision Condition: Pearson Correlations Between 
Laterality Index Values and Hormones in Non-OC Group  
 
Electrode 
Pair  Pearson Estradiol
Expected 
Trend? Testosterone
Expected 
Trend? 
F4F3  r -0.693 -0.466
   p 0.127 No 0.352 Yes 
F8F7  r -0.326 -0.292
   p 0.528 No 0.574 Yes 
C4C3  r 0.086 0.196
   p 0.872 Yes 0.710 No 
T8T7  r -0.069 0.116
   p 0.897 No 0.827 No 
P4P3  r 0.037 0.032
   p 0.945 Yes 0.952 No 
P8P7  r 0.437 0.233
   p 0.386 Yes 0.657 No 
O201  r -0.958 -0.844
   p 0.003* No 0.035* Yes 
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Table 8.21. EEG Lexical Decision Condition: Pearson Correlations Between 
Laterality Index Values and Hormones in OC Women 
 
Electrode 
Pair  Pearson Estradiol 
Expected 
Trend? Testosterone
Expected 
Trend? 
F4F3  r -0.410 0.664
   p 0.590 No 0.336 No 
F8F7  r 0.835 0.433
   p 0.165 Yes 0.567 No 
C4C3  r 0.182 0.993
   p 0.818 Yes 0.007* No 
T8T7  r 0.657 0.039
   p 0.343 Yes 0.961 No 
P4P3  r 0.827 0.662
   p 0.173 Yes 0.338 No 
P8P7  r 0.802 0.229
   p 0.198 Yes 0.771 No 
O201  r 0.400 -0.543
   p 0.600 Yes 0.457 Yes 
 
 
Table 8.22. EEG Lexical Decision: Group Differences in Average Hemispheric Log 
Alpha 
 
 Group Mean SD 
Expected 
Trend? P-Value 
Non OC 2.346 0.142Left 
Average OC 2.690 0.213 Yes 0.005* 
Non OC 2.369 0.161Right 
Average OC 2.678 0.191 Yes 0.008* 
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Table 8.23. EEG Lexical Decision: Pearson Correlations Between Average 
Hemispheric Log Alpha and Hormones in Non-OC Women 
  Pearson Estradiol 
Expected 
Trend? Testosterone 
Expected 
Trend? 
 r -0.590 -0.675 Left 
Average  p 0.217 Yes 0.141 No 
 r -0.534 -0.574 Right 
Average  p 0.275 No 0.233 Yes 
 
 
 
Table 8.24. EEG Lexical Decision: Pearson Correlations Between Average 
Hemispheric Log Alpha and Hormones in Non-OC Women 
  Pearson Estradiol 
Expected 
Trend? Testosterone 
Expected 
Trend? 
 r -0.935 0.095 Left 
Average  p 0.065 Yes 0.905 Yes 
 r -0.914 0.227 Right 
Average  p 0.086 No 0.773 No 
 
 
Table 8.25. EEG Lexical Decision: Between Group Comparisons in Task 
Performance 
 
 Group Mean SD 
Expected 
Trend? 
P-
Value 
Non OC 0.865 0.039
Accuracy OC 0.878 0.050 No 0.623 
Non OC 885.955 168.729Reaction 
Time  OC 827.364 105.215 No 0.519 
 
 
Table 8.26. EEG Lexical Decision: Pearson Correlations between Hormones and 
Task Performance in Non-OC women 
 
 Pearson Estradiol Testosterone
Accuracy  r 0.439 0.231 
   p 0.460 0.709 
Reaction  r -0.248 -0.486 
Time   p 0.688 0.406 
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Table 8.27. EEG Lexical Decision: Pearson Correlations between Hormones and 
Task Performance in OC women  
 
 Pearson Estradiol Testosterone
Accuracy  r -0.794 -0.178
   p 0.206 0.822
Reaction  r 0.214 0.824
Time  p 0.786 0.176
 
 
Table 8.28. Lexical Decision: Correlations Between Laterality Indices and Verbal 
Performances in Non-OC Women 
 
 Pearson F4F3 F8F7 C4C3 T8T7 P4P3 P8P7 O201 
-0.561 -0.942 0.617 0.536 0.567 0.480 -0.361 Lexical Decision 
Accuracy 
r 
p 0.247 0.005* 0.192 0.273 0.241 0.335 0.482 
0.166 0.200 0.356 -0.211 0.360 0.552 -0.559 Lexical Decision 
Reaction Time 
r 
p 0.753 0.704 0.488 0.688 0.484 0.256 0.249 
0.238 0.344 0.242 0.420 0.325 -0.185 0.581 
Recall 
r 
p 0.607 0.450 0.601 0.349 0.477 0.691 0.172 
-0.809 -0.625 0.021 0.441 0.140 0.493 -0.237 
Priming 
r 
p 0.027* 0.134 0.964 0.322 0.764 0.261 0.609 
0.723 0.381 -0.345 -0.671 -0.534 -0.724 0.164 Problem 
Solving 
r 
p 0.066 0.399 0.449 0.099 0.217 0.066 0.725 
0.295 -0.335 -0.001 0.247 -0.188 -0.433 0.426 
Fluency 
r 
p 0.521 0.463 0.999 0.593 0.687 0.331 0.340 
0.617 0.040 -0.177 -0.048 -0.468 -0.657 0.348 
Attention 
r 
p 0.140 0.932 0.704 0.919 0.289 0.109 0.444 
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Table 8.29. EEG Lexical Decision: Pearson Correlations Between Average Log 
Alpha Power and Verbal Performances in Non-OC Women 
 
 
 Pearson 
Left 
Average 
Right 
Average 
0.811 0.845 Lexical Decision 
Accuracy 
r 
p 0.050* 0.034* 
-0.324 -0.189 Lexical Decision 
Reaction Time 
r 
p 0.531 0.719 
0.211 0.298 
Recall 
r 
p 0.650 0.516 
-0.387 -0.328 
Priming 
r 
p 0.391 0.472 
-0.045 -0.168 
Problem Solving 
r 
p 0.924 0.719 
-0.131 -0.123 
Fluency 
r 
p 0.779 0.792 
0.005 -0.049 
Attention 
r 
p 0.992 0.917 
 
 
 
Table 8.30. EEG Lexical Decision: Pearson Correlations Between Laterality Indices 
and Verbal Performances in OC Women 
 
 Pearson F4F3 F8F7 C4C3 T8T7 P4P3 P8P7 O201 
0.320 -0.830 -0.127 0.053 -0.770 -0.499 -0.223Lexical Decision 
Accuracy 
r 
p 0.599 0.082 0.838 0.933 0.128 0.392 0.718
-0.066 0.516 0.605 -0.113 -0.116 -0.381 -0.865Lexical Decision 
Reaction Time 
r 
p 0.917 0.373 0.280 0.856 0.853 0.527 0.058
-0.747 0.257 -0.610 -0.236 0.214 0.027 0.334
Recall 
r 
p 0.088 0.623 0.198 0.653 0.684 0.960 0.518
0.928 -0.362 0.603 -0.339 -0.078 -0.170 -0.402
Priming 
r 
p 0.008* 0.481 0.205 0.511 0.883 0.747 0.430
-0.328 -0.114 -0.250 -0.690 -0.054 -0.492 -0.151
Problem Solving 
r 
p 0.525 0.829 0.633 0.129 0.920 0.321 0.775
0.399 -0.499 0.232 0.646 -0.027 0.292 0.338
Fluency 
r 
p 0.433 0.314 0.658 0.166 0.959 0.575 0.513
-0.245 -0.519 -0.733 -0.592 -0.248 -0.368 0.174
Attention 
r 
p 0.640 0.291 0.097 0.216 0.635 0.473 0.741
 
   93
Table 8.31. EEG Lexical Decision: Pearson Correlations Between Average Log 
Alpha and Verbal Performances in OC Women 
 
 Pearson 
Left 
Average 
Right 
Average 
0.587 0.556Lexical Decision 
Accuracy 
r 
p 0.298 0.330
0.250 0.238Lexical Decision 
Reaction Time 
r 
p 0.685 0.700
-0.056 -0.044
Recall 
r 
p 0.916 0.934
0.694 0.657
Priming 
r 
p 0.126 0.156
0.354 0.330
Problem Solving 
r 
p 0.491 0.522
0.099 0.194
Fluency 
r 
p 0.852 0.713
0.401 0.321
Attention 
r 
p 0.431 0.535
 
 
 
Table 8.32. EEG Letter Rotation: Group Differences in Laterality Indices 
 
 Group Mean SD 
Expected 
Trend? 
P-
Value 
Non OC 0.0014 0.0186
F4-F3 OC -0.0100 0.0110 Yes 0.215 
Non OC -0.0214 0.0279
F8-F7 OC -0.0300 0.0200 Yes 0.545 
Non OC 0.0271 0.0544
C4-C3 OC -0.0017 0.0223 Yes 0.253 
Non OC 0.0200 0.0476
T8-T7 OC -0.0283 0.0527 Yes 0.110 
Non OC 0.0086 0.0186
P4-P3 OC 0.0050 0.0122 Yes 0.697 
Non OC 0.0400 0.0361
P8-P7 OC 0.0383 0.0564 Yes 0.950 
Non OC -0.0171 0.0269
O2-O1 OC -0.0233 0.0288 Yes 0.696 
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Table 8.33. EEG Letter Rotation: Pearson Correlations Between Laterality Index 
Values and Hormones in the Non-OC Group  
 
Electrode 
Pair  Pearson Estradiol
Expected 
Trend? Testosterone
Expected 
Trend? 
F4F3  r -0.476 -0.152 
  p 0.340 No 0.774 Yes 
F8F7  r -0.049 0.091 
  p 0.927 No 0.864 No 
C4C3  r 0.108 0.211 
  p 0.839 Yes 0.688 No 
T8T7  r 0.110 0.382 
  p 0.836 Yes 0.454 No 
P4P3  r 0.056 0.094 
  p 0.917 Yes 0.859 No 
P8P7  r 0.385 0.224 
  p 0.451 Yes 0.670 No 
O201  r -0.914 -0.923 
  p 0.011* No 0.009* Yes 
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Table 8.34. EEG Letter Rotation: Pearson Correlations Between Laterality Index 
Values and Hormones in the OC Group 
 
Electrode 
Pair  Pearson Estradiol 
Expected 
Trend? Testosterone
Expected 
Trend? 
F4F3  r -0.649 0.045 
  p 0.351 No 0.955 No 
F8F7  r 0.839 0.507 
  p 0.161 Yes 0.493 No 
C4C3  r -0.312 0.899 
  p 0.688 No 0.101 No 
T8T7  r 0.802 0.372 
  p 0.198 Yes 0.628 No 
P4P3  r 0.662 0.778 
  p 0.338 Yes 0.222 No 
P8P7  r 0.688 -0.017 
  p 0.312 Yes 0.983 Yes 
O201  r 0.473 -0.806 
  p 0.527 Yes 0.194 Yes 
 
 
Table 8.35. EEG Letter Rotation: Group Differences in Average Hemispheric Log 
Alpha 
 
 Group Mean SD 
Expected 
Trend? P-Value 
Non OC 2.386 0.174Left 
Average OC 2.718 0.210 Yes 0.010* 
Non OC 2.406 0.196Right 
Average OC 2.700 0.174 Yes 0.016* 
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Table 8.36. EEG Letter Rotation: Pearson Correlations Between Average 
Hemispheric Log Alpha and Hormones in Non-OC Women 
 
  Pearson Estradiol 
Expected 
Trend? Testosterone 
Expected 
Trend? 
 r -0.552 -0.663 Left 
Average  p 0.256 Yes 0.151 No 
 r -0.530 -0.582 Right 
Average  p 0.280 No 0.225 Yes 
 
 
 
Table 8.37. EEG Letter Rotation: Pearson Correlations Between Average 
Hemispheric Log Alpha and Hormones in Non-OC Women 
 
  Pearson Estradiol 
Expected 
Trend? Testosterone 
Expected 
Trend? 
 r -0.924 -0.124 Left 
Average  p 0.076 Yes 0.876 No 
 r -0.934 -0.055 Right 
Average  p 0.066 No 0.945 Yes 
 
 
Table 8.38. EEG Letter Rotation: Between Group Comparisons in Task 
Performance 
 
 Group Mean SD 
Expected 
Trend? 
P-
Value 
Non OC 0.902 0.067
Accuracy OC 0.800 0.236 Yes 0.334 
Non OC 1269.201 404.043Reaction 
Time OC 1235.930 291.951 No 0.882 
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Table 8.39. EEG Letter Rotation: Pearson Correlations Between Hormones and 
Task Performance in Non-OC women 
 
 Pearson Estradiol Testosterone
Accuracy  r 0.562 0.386 
   p 0.324 0.521 
Reaction  r 0.307 0.083 
Time  p 0.615 0.895 
 
 
 
Table 8.40. EEG Letter Rotation: Pearson Correlations Between Hormones and 
Task Performance in OC women  
 
 Pearson Estradiol Testosterone
Accuracy  r -0.732 -0.464 
   p 0.268 0.536 
Reaction  r 0.294 0.979 
Time  p 0.706 0.021 
 
Table 8.40. EEG Letter Rotation: Pearson Correlations Between Laterality Indices 
and Visuospatial Performances in Non-OC Women 
 
 Pearson F4F3 F8F7 C4C3 T8T7 P4P3 P8P7 O201 
-0.565 -0.794 0.233 0.071 0.015 0.264 -0.235 Letter Rotation 
Accuracy 
r 
p 0.242 0.060 0.657 0.894 0.977 0.613 0.653 
0.027 0.364 0.769 0.593 0.726 0.590 -0.431 Letter Rotation 
Reaction Time 
r 
p 0.959 0.478 0.074 0.215 0.102 0.218 0.394 
-0.696 -0.707 0.176 0.086 0.345 0.091 0.252 
Recall 
r 
p 0.082 0.075 0.705 0.855 0.448 0.846 0.585 
-0.248 -0.068 0.539 0.622 0.452 0.369 -0.757 
Priming 
r 
p 0.592 0.885 0.212 0.136 0.309 0.415 0.049* 
-0.364 -0.730 0.377 0.318 0.142 0.084 -0.281 
Problem Solving 
r 
p 0.422 0.063 0.404 0.488 0.761 0.858 0.542 
0.209 -0.217 -0.040 -0.095 -0.180 -0.130 0.512 
Fluency 
r 
p 0.653 0.640 0.932 0.840 0.699 0.781 0.240 
0.526 -0.049 0.330 0.403 0.028 -0.292 0.205 
Attention 
r 
p 0.225 0.918 0.470 0.370 0.952 0.525 0.660 
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Table 8.41. EEG Letter Rotation: Pearson Correlations Between Average Log 
Alpha Power and Verbal Performances in Non-OC Women 
 
 
 Pearson 
Left 
Average 
Right 
Average 
-0.568 -0.541 Letter Rotation 
Accuracy 
r 
p 0.240 0.267 
0.447 0.616 Letter Rotation 
Reaction Time 
r 
p 0.374 0.193 
-0.759 -0.676 
Recall 
r 
p 0.048* 0.095 
-0.559 -0.408 
Priming 
r 
p 0.192 0.363 
-0.194 -0.187 Problem Solving 
(Raw Score) 
r 
p 0.676 0.688 
-0.730 -0.631 Problem Solving 
(Percent Correct) 
r 
p 0.063 0.129 
0.309 0.279 
Fluency 
r 
p 0.500 0.545 
-0.568 -0.541 
Attention 
r 
p 0.240 0.267 
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Table 8.42. EEG Letter Rotation: Pearson Correlations Between Laterality Indices 
and Visuospatial Performances in OC Women 
 
 Pearson F4F3 F8F7 C4C3 T8T7 P4P3 P8P7 O201 
0.875 -0.786 -0.145 -0.434 0.119 0.214 -0.034 Letter Rotation 
Accuracy 
r 
p 0.052 0.115 0.816 0.465 0.849 0.730 0.956 
-0.047 0.686 0.736 0.359 0.498 0.144 -0.641 Letter Rotation 
Reaction Time 
r 
p 0.940 0.201 0.156 0.553 0.393 0.818 0.244 
0.144 0.079 -0.284 0.660 0.645 0.673 0.495 
Recall 
r 
p 0.785 0.882 0.586 0.154 0.166 0.143 0.318 
-0.201 0.293 0.030 0.106 -0.524 -0.034 -0.183 
Priming 
r 
p 0.703 0.573 0.955 0.842 0.286 0.950 0.729 
0.451 -0.805 0.101 -0.822 -0.231 -0.516 -0.256 
Problem Solving 
r 
p 0.370 0.053 0.849 0.045* 0.660 0.295 0.624 
-0.245 0.054 0.321 -0.747 -0.263 -0.683 -0.417 
Fluency 
r 
p 0.640 0.920 0.535 0.088 0.614 0.135 0.411 
0.175 -0.066 -0.677 -0.568 0.291 0.333 0.529 
Attention 
r 
p 0.740 0.901 0.140 0.239 0.576 0.519 0.280 
 
 
Table 8.43. EEG Letter Rotation: Pearson Correlations Between Average Log 
Alpha and Visuospatial Performances in OC Women 
 
 Pearson 
Left 
Average 
Right 
Average 
0.330 0.351 Lexical Decision 
Accuracy 
r 
p 0.588 0.563 
-0.264 -0.198 Lexical Decision 
Reaction Time 
r 
p 0.668 0.750 
-0.279 -0.118 
Recall 
r 
p 0.593 0.824 
-0.596 -0.720 
Priming 
r 
p 0.212 0.107 
0.286 0.215 
Problem Solving 
r 
p 0.583 0.682 
0.886 0.831 
Fluency 
r 
p 0.019* 0.041* 
0.561 0.472 
Attention 
r 
p 0.247 0.345 
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9. FIGURES 
 
Figure 9.1. 19-Channel Array 
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Figure 9.2. Circulating Estradiol at Behavioral Sessions (pg/ml) 
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Group x Phase Interaction, p = 0.002 
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Figure 9.3. Circulating Testosterone at Behavioral Sessions (pg/ml) 
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Figure 9.4. Verbal Fluency Performances 
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